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Engineering Ultrasonics 


DupLey THOMPSON AND HucHey A. WoonLe, Jr. 


Missouri School of Mines and Metallurgy and Virginia Polytechnic Institute 


Attesting to the rise in interest and popularity of the application of 
ultrasonic waves in research and industry is the large number of review 
articles that have been published within recent years (e.g., see bibliogra- 
phy). In addition to the reviews published in journals, there have been 
a number of books published on the subject of ultrasonics, probably the 
most comprehensive and extensive being that by Bergmann (1954). It 
is the intent of this paper to provide a brief discussion of the major ap- 
plications of ultrasonic of primary interest to chemists and chemical en- 
gineers. Selected pertinent references to specific applications of ultrasonics 
have been included in the bibliography. 


ULTRASONICS 


Ultrasonics is the science involving the generation, transmission, and 
utilization of vibrational energy of a frequency that is above the upper 
limit of audible sound (approximately 15,000—20,000 cycles per second). 
It was a laboratory curiosity for more than 25 years, investigators observ- 
ing unusual phenomena occurring with the passage of high frequency 
sound <a liquids and other media. Only within the past 10 or 15 
years has the accumulated knowledge of this science advanced to the stage 
where it could be considered for useful applications in industry. 


Cavitation —Two physical consequences of the ultrasonic treatment 
of a liquid system (cavitation and particle acceleration) are generally 
considered as responsible for a majority of the industrial applications of 

onic waves that are of interest to chemists and chemical engineers. 
The first of these results is cavitation, or the formation and subsequent col- 
lapse of minute vacuous cavities in the body of the liquid due to the cyclic 
tension (and compression) to which the liquid is subjected. Cavitation 
is favored by an external pressure on the liquid on the order of one or two 





EDITOR’S NOTE: We are pleased to present this invited article from the field of 
Engineering by Messrs. Thompson and Woodle. 
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atmospheres and by the presence of “nuclei” in the liquid, usually in 
the form of dissolved gases. Collapse of these minute cavities creates |o- 
calized pressures up to several hundred tons per square inch, causing in- 
tense micro-agitation of the liquid. Cavitation is also favored at an 
interface between two phases, where there is a great difference in the “pc” 
values of the two phases, p being the density of the phase and c the veloci- 
ty of sound in the phase. 

Particle Acceleration.—High particle acceleration is a second physi- 
cal effect of importance in the ultrasonic treatment of liquid systems. In 
the case of a one-megacycle wave of 10 watts per square centimeter in- 
tensity passing through water in equilibrium with air and at atmospheric 
pressure, the magnitude of the particle displacement would be on the 
order of 10-5 centimeter. Acceleration of the particle reaches very high 
values, about 250,000 times greater than acceleration due to gravity. 
Maximum instantaneous particle velocity in this case is 40 centimeters 
per second. As particle displacement in a liquid is proportional to the 
intensity of the ultrasonic wave, high intensity ultrasonic waves result 
in large particle displacement which in turn would result in considerable 
agitation of the liquid. 


Classification of Ultrasonic Applications——The number of technical 
applications of ultrasonics is increasing daily, but the majority of these 
may be placed in one of two classifications: (1) applications of low- 
power, such as nondestructive testing of materials and products, signal 
transmission, and measurements of properties of substances, and (2) 
applications of high-power, where physical work is performed by the 
ultrasonic waves or physical or chemical changes take place in the sys- 
tem under insonation. Of major interest to chemists and chemical en- 
gineers are probably those applications that fall under the second, or 
high-power, classification. There are, however, applications in the low- 
power range, such as corrosion testing of tanks, pipes, and reactors and 
continuous viscosity measurements of liquids, that are of great value. 


APPLICATION OF ULTRASONICS TO CHEMICAL REACTIONS 

The chemical effects directly produced by ultrasonics have been 
attributed to the thermal gas phase reactions (Griffing, 1955), and it 
has been postulated that they take place inside the gas bubbles. In 
water solutions, the reaction consists of production of radicals by the 
thermal decomposition of water, probably OH radicals. A similar reaction 
has not been obtained when water is not present even though a wide 
variety of organic substances has been tried. If another reactive vapor 
of gas is present in the bubble, the OH radical attacks the vapor forming 
othe: products, such as carbon tetrachloride, within the bubble, these 
products then diffusing in the solution. Various secondary reactions be- 
tween these original products and the products dissolved in the solution 
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Transformation of Cellulose—The influence of ultrasonic waves on 
the transformation of hydrated cellulose to natural cellulose has been in- 
vestigated in Japan by Kubo (1941). It was found that the transition 
from hydrated to natural cellulose is accomplished much easier than in 
the usual operation by the preliminary application of ultrasonic waves 
to the material immersed in a polar medium. The effect is thought to be 
due to the destabilization of the crystal lattice by mechanical vibrations. 


Polymerization.—Demann and Asbach (1940) have shown experi- 
mentally that acetic acid may be polymerized to aldol in an ultrasonic 
field of varving frequency. Experimental evidence is offered in the fre- 
quency range of 20 to 5,000 kilocycles per second. It was determined 
that ultrasonics does not influence the principle direction of a reaction, i. e., 
it is not possible, by supplementary application of ultrasonic waves under 
conditions which favor polymerization or condensation to produce a de- 
polymerization. Results show that increasing frequency and duration of 
the ultrasound vields more polymers, but the best values were obtained by 
changing the frequency with progress of the reaction. Yields were ob- 
tained which were impossible under similar conditions without insonation 
or by applying constant frequencies throughout the reaction. Also, the 
reaction could be directed in such a way that undesirable side-reactions 
were either reduced or entirely suppressed. 


Depolymerization.—Szalay (1934) has reported that highly polymeric 
molecules are split by means of ultrasonic waves. Using a frequency of 
722 kilocycles per second on starch, gum arabic and gelatin, Szalay found 
that depolymerization followed, which was measured by the change in vis- 
cosity and also iodometrically with the starch solution. Slight decompo- 
sition of cane sugar to monosaccharides and of paraformaldehyde and 
hexamethylene tetramine was also found. 


Specific Reaction Rate Constant in the Acid Hydrolysis of Ethyl Ace- 
tate.—Employing frequencies of 400, 700, and 1500 kilocycles per second, 
Thompson, Vilbrandt and Gray (1953) obtained data indicating an in- 
crease in the specific reaction rate on the order of five per cent for 20 
minute insonation for the hydrolysis of an aqueous solution of ethyl 
acetate in the presence of hydrochloric acid. 


Oxidation of Nitrogen.—Following the ultrasonic insonation of water 
containing air, it was demonstrated by Gobrecht and Ergang (1953) that 
the amount of HNO. formed in a definite time interval increases linearly 
with sonic power and decreases with temperature. 


Organic Chemical Synthesis.—Tests performed by Miyagawa (1949) 
showed that when exposed to ultrasonic waves, acetates were hydrolized 
twice as rapidly as normally. Fats were saponified 30 per cent with sodium 
carbonate in five hours, almost no saponification taking place without in 
sonation. The nitration of m-xylene to trinitro-m-xylene required only 
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30 minutes, whereas two hours were required without insonation. Em- 
ploying frequency of 540 kilocycles per second, it was also found that 0.1 
N KI was oxidized proportionately to the amplitude of the waves. 


Other Chemical Reactions.—Weissler (1949) has reported detailed 
investigations of some chemical effects of intense ultrasonic waves in 
liquids as follows: (1) liberation of iodine from an aqueous solution 
of potassium iodide and carbon tetrachloride, (2) delay in formation of 
colloidal sulfur, and (3) depolymerization of polystyrene in toluene and 
hydroxyethyl! cellulose in water. In the three cases studied, it was found 
that ultrasonic waves cause chemical reactions in liquids only in the 


presence of dissolved gases, suggesting that cavitation is responsible for 
these effects. 


Sonochemistry.-The effect of ultrasonic insonation on chemical re- 
actions, or the production of chemical changes by sound waves has been 
defined by Weissler (1953) as “sonochemistry.”. The publication con- 
taining this definition also has a discussion of the effect of experimental 
variables such as frequency, intensity, duration of insonation, pressure 


and temperature. A survey of chemical effects due to ultrasonic inso- 
nation is also presented. 


APPLICATION OF ULTRASONICS TO ELECTROCHEMISTRY 


Applications of ultrasonic waves to electrochemical reactions may 
be divided into three classifications (Yeager et al., 1952): (1) the ef- 
fects of ultrasonic waves on electrode processes, (2) electrokinetic phe- 
nomena involving ultrasonic waves, and (3) the use of ultrasonic waves 
as a tool in the study of electrolytic solutions. A discussion that would 
be fair to the many and varied investigations and results involving ultra- 
sonics and electrochemistry would not be feasible in the length of this 
paper. The interested reader is referred to an article by Yeager and 
Hovorka (1953) in which the authors give an excellent presentation 
and discussion of investigations in this field of study. 


Acceleration of Corrosion.—Under conditions where corrosion would 
normally proceed without passivation, for example, magnesium alloy in 
sodium carbonate, it was found that the corrosion rate is increased a 
considerable amount even with moderate intensities of insonation (Mears 
and Benson, 1940). Acceleration of the corrosion rate may be explained 
in terms of the effect of the ultrasonic waves on the concentration 
gradients at the surface of the metals as well as decreases in hydrogen 
overvoltage. The ultrasonic waves also sweep away the hydrogen gas 
bubbles which otherwise tend to cling to the metal surfaces. 


Electrodeposition of Copper.—Yeager and his co-workers (1952) have 
reported that the introduction of moderately intense continuous  ultra- 
sonic waves, one watt per square centimeter, produces an almost in- 
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stantaneous decrease in the potential at which copper is electrodeposited. 
The initial depolarizing action of the ultrasonic waves is explained by 
the interaction of the acoustical waves with the concentration gradient at 
the electrode surface. The magnitude of this decrease was found to be a 
function of the acoustical intensity and reaches a limiting current density 
associated with the electrodeposition of copper. 


Electroplating. —The development of very large scale ultrasonic equip- 
ment capable of furnishing ultrasonic insonation in tanks of nearly in- 
definite size has initiated a preliminary investigation into improvement of 
electroplating due to ultrasonic insonation during the plating process 
(Rich, 1955). The results reported by Rich have tended to point out 
that while high frequency ultrasonic waves produce certain undesirable 
effects, low frequency vibrations at 20 kilocycles per second have ac- 
complished the following: (1) eliminated anode polarization, (2) per- 
mitted plating at accelerated rates of up to three times normal speed, (3) 
minimized and often eliminated edge buildup, and (4) produced ex- 
tremely uniform and well bonded coatings. An investigation into the 
possibility of simultaneously cleaning, descaling, and electroplating in a 
plating bath under ultrasonic insonation showed that even dirty, rusty, 
and grease-coated parts can be plated with excellent coatings in a single 
operation. The possibility exists that application of this type of treat- 
ment may result in the number of rejects being reduced if occasional pieces 
— not to be completely pickled and cleaned in preplating pro- 
cedures. 


COLLOIDAL EFFECTS OF ULTRASONICS 


Collodial effects of ultrasonic insonation, including such effects as 
emulsification, dispersion, coagulation, and the formation of fogs or aero- 
sols, were probably one of the first real interests of scientists in the field 
of applied ultrasonics. The majority of the early investigations was of a 
qualitative nature; only in recent years has substantial quantitative in- 
formation on results been published. 


Photographic Emulsions.—Treatment of photographic emulsions has 
been investigated many times. In one recent investigation (Herold et al., 
1955) it was found that when a photographic emulsion of the boiled tvpe 
s treated with 800 kilocycles per second ultrasonic energy at an energy 
level of five watts per square centimenter, during the after-ripening or 
digesting period, an increase in the photographic sensitivity of that emul- 
sion occurs. No significant change in the gamma or grain size distribution 
of the emulsion was found to result from this treatment. The mechanism 
appears to be a transport phenomenon which disrupts grain-sensitizing 
agent concentration gradients in the intergrain gelatin matrix, 


Pharmaceutical Emulsions.—At the present, it is believed that ultra- 
sonic emulsification may be economically applicable for handling high- 
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cost, low-volume liquids, such as would occur in the pharmaceutical field. 
Emulsions formed by ultrasonic insonation appear to have somewhat 
smaller particle size and slightly better stability than those formed by me- 
chanical means (Campbell and Long, 1949). Ultrasonic waves have been 
utilized in producing suspensions of ergosterone and progesterone! re- 
sulting in finely divided hormone particles which may be readily sus- 
pended in liquid media. This technique has also been applied to sus- 


pension of various oils in water, carborundum in water, and chick embryos 
in water. 


Chocolate Homogenizer.—As one entry into the food processing in- 
dustry, a timesaver and flavor improver for chocolate manufacturers has 
been found in the ultrasonic Conche?. This piece of equipment is said 
to homogenize and bring out the full flavor of chocolates in a few seconds. 
The homogenizer has a magnetostriction head, with a frequency of 25 kilo- 
cycles per second and 400 watts power output. 


Benzene-Water Emulsions.—A fairly recent investigation has been con- 
ducted on the effects of ultrasonics on immiscible liquid systems (Minton, 
1951). In this study, benzene and water were employed as the two 
phases. It was learned that both emulsification and de-emulsification could 
take place, — on the frequency and intensity of insonation. Other 
investigators have reported that in the higher frequency experiments, 
where cavitation has not been visually observed, de-emulsification is pre- 
dominant and only dilute emulsions have been formed. In the lower 


frequency experiments, cavitation, and with it emulsification, can be 
arranged to be dominant. 


Conditions for Ultrasonic Emulsification—Work of a long standing 
nature performed by Bondy and Sollner (1936) indicates that cavitation 
is the primary cause of the formation of emulsions in two immiscible 
liquids by ultrasonics. In their work, concentrations in the range of five 
per cent dispersed particle phase were obtained using such systems as 
toluene and water, without any protective agent added. With the proper 
agent added, stable systems with up to 75 per cent dispersed phase were 
obtained. Absolute pressure over the system being insonated was found 


to be important, a pressure of approximately two atmospheres being the 
optimum. 


Emulsification Equipment.—Accompanying the new interest in ultra- 
sonic emulsification has been a number of recent developments in equip- 
ment for this line of work. Alexander (1951), using a Pohlman whistle 
has been able to prepare stable oil-in-water emulsions at the rate of 10 
gallons per minute with a small installation. J. H. Day Co., Inc. of Cin- 
cinnati, has made arrangements with Rapisonic Homogenizer Ultrasonics, 


1Chem. and Eng. News, 32:716. 1955. 
2 Chem. and Eng. News, 33:1024, 1955. 
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Ltd., of England, for production in this country of their ultrasnoic emulsi- 
fier’. The unit is claimed to be compact and portable with a high output- 
to-horsepower ratio. It is capable of homogenizing 300-420 gallons per 
hour and can produce emulsions of down to one micron size with less 
emulsifying agent than in conventional cases, and in some cases with no 
agent at all. The homogenizer is of the vibrating reed type with liquid im- 
pingement on the reed at frequency of 22 kilocycles per second. Another 
application of the Pohlman whistle in emulsification is reported by Troger 
(1950). In his work one thousand liters of a 20 per cent paraffin emul- 
sion were obtained by recirculation. Without ultrasonic treatment, only 
a five per cent emulsion was achieved. 


Miscellaneous Uses of Ultrasonic Emulsification—Marinesco and 
Holtz (1939) disclosed the application of ultrasonic emulsification to the 
perfume industry. Such emulsions avoided the use of organic solvents 
that were harmful to the skin. Biske (1942) claimed an improved fuel 
for internal combustion engines by emulsifying small quantities of water 
soluble compounds in hydrocarbons by means of ultrasonic waves. Either 
the promotion of easy ignition or antidetonating properties was possible 
according to Biske. 


Dispersion of Paint, Pigments.—Ultrasonics may possibly have a 
future in the dispersion of pigments in the paint industry. It has been 
shown by experiments that ultrasonic dispersion of pigment in the paint 
vehicle gives at least the same fineness and gloss as can be achieved in 
roll mill grinding (Mattiat, 1954). A pilot plant has been constructed in 
Germany for the ultrasonic dispersion of titanium dioxide in the processing 
of paint. There are also possibilities of utilizing ultrasonics in the lacquer 
industry. Troger (1950) has reported that excellent lacquer has been 
produced by ultrasonically dispersing carbon black to colloidal size. 


Dispersion of Clay Particles.—In an investigation involving clay par- 
ticle-size analysis, it was demonstrated that ultrasonic insonation is a very 
good method for dispersing the clay particles and separating the clay into 
its fundamental particle size (Crowley and Welch, 1954). A one per 
cent, by weight, Florida kaolin suspension was used in this investigation. 
Complete deagglomeration and dispersion were accomplished in 10 minutes 
of exposure to ultrasonics without any apparent deleterious effects on the 
primary particle size of the kaolin. 


Coagulation and Settling of Solids in Phosphate Tailing.—An investi- 
gation showing the effects of ultrasonic insonation on phosphate tailing 
was conducted by Thompson and Vilbrandt (1954). The effect of ultra- 
sonic energy on the settling characteristics of solids in the five per cent 
tailing suspension showed that for suspensions near the isoelectric point, 
mild intensity (below a cavitation level of 0.3 volt-ampere per square 





*Chem. Week, 79 (9): 46-47, 1955. 
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centimeter) insonation increased by at least five times the coagulation 
and subsequent settling rate of solids in the insonated sample over that of 
the control, during hindered settling. Intense insonation (above cavi- 
tation level) disrupted and dispersed the loose agglomerates of clay there- 


by increasing the effective number of charged particles in the thixotropic 
suspension. 


APPLICATION OF ULTRASONICS 
TO MASS TRANSFER OPERATIONS 


Observations of the effects of ultrasonics on two phase systems have 
been made by investigators since the time of Wood and Loomis. Mass 
transfer, involving a system with two phases, is a logical consideration 
for possible application of ultrasonic waves. In recent years many in- 
vestigations have been directed towards obtaining information on this 
on application. The current trend seems to indicate that the low 
requency and high power regions of insonation, with abundant cavita- 
tion, have the most promise for use in this field. 


Extraction of Protein from Brewer's Yeast.—Solvent extraction of pro- 
tein from brewer's yeast with a five per cent sodium chloride solution in 
the presence of an acoustical field has been reported (Grove, 1948). 
A magnostriction generator with a frequency in the audible range was 
employed, data showing that insonation produced slightly higher extrac- 
tion values than were obtained in noninsonated control tests. Increased 
extraction was accredited to the dissolved gases in the water diffusing 
through the yeast cell membranes, making possible explosion of the 
yeast cells during insonation. 


Extraction of Oil from Fish Materials—A patent was granted for a 
process whereby audible and inaudible insonation was applied to the 
extraction of oil from fish material (Shropshire, 1949). Frequency of 
insonation was stated not to be critical, when high power level was main- 
tained, although frequencies low in the audible range were employed. 
Fish fragments were coarsely ground to produce a pulpy mass which 
was subjected to compressional vibrations at high power levels. Intensity 
was sufficient to produce cavitation within the pulpy mass, causing rup- 
ture of cellular fish materials. Fish oils were released from the oil cells 
and could be removed mechanically. 


Extraction of Oil from Peanuts.—Employing the system n-hexane 
and peanuts, Thompson and Sutherland (1955) found that with 400 
kilocycles per second insonation of the system they were able to obtain 
an increase in extraction of the peanut oil on the order of 2.76 times that 
of control samples. The increased extraction in this case was thought 
to be due to extension of phase boundaries by dispersion of adhered par- 
ticles and partial disruption of oil cells, agitation occurring selectively at 
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phase boundaries where there is a mismatch of acoustical impedance, 
gross stirring of solvent and suspended solids, and a thermal effect. 


Flavor Extraction from Hops in Breweries.—Increased extraction of 
flavor from hops in the brewery industry through application of ultrasonic 
vibrations has dem reported by several authors (Schmal, 1953)4. It has 
been reported in one case that a saving of 40—50 per cent in hops has 
been accomplished by the use of ultrasonic insonation?. Mash is exposed 
to ultrasonic energy at room temperature to extract flavor and oils, then 
at elevated temperatures to obtain the bitters. Ultrasonics releases 
flavor ingredients from the cells of the hops partly by the destruction of 
cell walls and by increasing the diffusion rates through the walls. Chemi- 
cal analysis shows no difference in the treated and untreated beer. Fer- 
mentations were normal, and the stability and foam capacity of insonated 
beer were quite favorable. 


Liquid-Liquid Extraction—Mention of the possibility of application 
to the unit operation of liquid-liquid extraction has been made by several 
authors rota same 1952; Minton, 1951), but few quantitative data have 
been published. Employing a frequency of 570 kilocycles per second, Haul, 
Rust, and Lutzow (1950) obtained an increase of 76 per cent in the ex- 
traction of phenanthrene from methanol by gasoline in a small spray 
tower extractor. Employing the system carbon _tetrachloride-acetone- 
water, Murray (1954) investigated the effects of 400 kilocycles per second 
insonation on the extraction of acetone from carbon tetrachloride with 
water. Using stage efficiency as a basis of calculation for a one contact 
extractor, Murray found an increase of approximately 20 per cent when 
the system was insonated at high energy levels. In later work (1956), 
Murray studied the system benzene-acetic acid-water at the same fre- 
quency as before. In this investigation he found, with insonation at high 
energy levels, a stage efficiency increase of approximately 30 per cent 
over control samples. 


Dialysis.—Rees (1948) has made a study of the effect of sonic energy 
on the dialysis constant in the transport of alkali through a cellophane 
membrane. In this work the frequency was varied over the range of 10.9 
to 32.7 kilocycles per second and power input from zero to 70 watts. For 
higher values of insonation, it was found that there was an increase in 
the dialysis constant on the order of 30 per cent. Other experimental 
work combining ultrasonic insonation and a continuous dialysis cell for 
the transfer of caustic through a cellophane membrane is under investi- 
gation at Virginia Polytechnic Institute. 


Diffusion—In work performed by Baumgartl (1949), it was found 
that the diffusion of five per cent sodium chloride solution through a 
cellophane membrane was increased by a factor of about two under the 





*Chem. Week, 76 (7): 52-54, 1955. 
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influence of ultrasonics. Also, it was learned that exposure to ultrasonics 
increased the diffusion whether the direction of propagation of the sound 
wave was in the direction of the diffusion or counter to it. Other investi- 
gators have found, both experimentally and theoretically, that ultrasonics 


would enhance the diffusion process (Altenburg, 1950). 


Distillation—In a patent assigned to Shell Development Co., 
McKittrick and Cornish (1941), claim that in a distillation process wherein 
ascending vapors contact liquid reflux in a reflux zone and are simultan- 
eously subjected to the direct influence of sonic vibrations of frequencies 
between 50 cycles and five megacycles per second, increased efficiency 
of fractionation results. Employing an experimental, unpacked column, 
and the system carbon tetrachloride-benzene, Coffin and Funt (1949) 
demonstrated that the theoretical plate equivalent of the column was in- 
creased by about 50 per cent on insonation in the reflux zone with waves 
of a 25 kilocycles per second frequency. A method for improving the dis- 
tillation of azeotropic mixtures by using ultrasonic insonation (Decker and 
Holtz, 1951) has been found to be particularly useful for mixtures of water 
and chlorohydrocarbons. 


APPLICATION OF ULTRASONICS TO FIELD 
OF METALLURGY AND ORE DRESSING 


Many investigators have pursued the idea of application of energy 
from sound waves to the metallurgical and ore dressing fields. A de- 
tailed review of effects of ultrasonic energy in the metallurgical field 
has been presented by Hiedemann (1954). Effects that have been 
studied are: (1) reduction in grain size, (2) degassing of melts, (3) dis- 
persion of other substances into melts, and (4) acceleration of rate 
process. Although the majority of these related studies have been on a 
small, experimental scale, the reality of a variety of metallurgical effects 


by sonic treatment which might be used in technical applications cannot 
be doubted. 


Casting and Degassing of Metals.—Work of an experimental nature has 
been conducted in Germany in treating metallic metals with sonic energy 
(Schmid, 1952), magnetostriction generators being found to be more 
suited for this work than piezoelectric generators. It has been found that 
application of ultrasonics to metals while freezing produces much smaller 
grains and better dispersion of the alloy constituents. Exposing melts to 
ultrasonic energy having intensities above the cavitation level helps to 
drive out entrapped bubbles of hydrogen and other gases. This leaves 
the casting free of vapor induced blow-holes and similar flaws. By em- 
ploying ultrasonic insonation, tensile strength of Al-Cu alloys was in- 
creased from 17 to 25 kilograms per square millimeter and hardness 


was increased from 59 to 75 kilograms per square millimeter over that 
normally obtained. 
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Ore Dressing.—It has been found that in mineral flotation with ultra- 
sonically emulsified collecting reagents, the ultrasonically emulsified col- 
lectors are more effective in the flotation than the non-emulsified collectors, 
particularly the insoluble and slightly soluble ones (Sun, et al., 1955). 
The reason for this improvement is thought to be due to a reduction of 
droplet size and an increase in hydration of the collector through ultra- 
sonic emulsification. 


Quenching of Metals.—The use of ultrasonically induced cavitation for 
improving quenching efficiency for metals has been investigated by 
Harvey5. In this work it was found that the cavitation eliminates the 
vapor film around the metal surface during the quenching operation, and 
by improving the heat transfer, increases the effectiveness of the quench- 
ing operation. 


APPLICATION OF ULTRASONICS TO PROCESS CONTROL, 
INSTRUMENTATION AND ANALYSIS 


The field of ultrasonic applications involving process control, instru- 
mentation, and analysis of materials was apparently neglected by investi- 
gators until recent years; however, it is now becoming increasingly im- 
portant and enlightening every day. Ultrasonic devices for use in this 
field of application are usually of the low power range and are usually 
dependent on the physical properties of the materials in question. 


Corrosion Detection.—One of the first industrial applications of ultra- 
sonics, that of non-destructive flaw detection and thickness gauging of 
metals (Carlin, 1949) now enables interested persons quickly and ac- 
curately to gather information concerning corrosion of pipes, reactors, 
tanks, etc. (Boyce, 1953). Resonance methods are generally used for this 
work and require access to only one side of the material. Accuracy of 
these methods is limited only by the electrical and mechanical instru- 
ments employed in connection with the tester. Calibration of the testing 
instrument can be performed easily for one of many materials such as 
steel, aluminum, magnesium, brass, plastics, and glass, and the instrument 
can be designed to give the accurate and direct reading of the thickness 
of the material. A very good example of the usefulness of ultrasonic 
corrosion detection is given by McCaslin (1947). He describes the test- 
ing of individual sections of a large petroleum storage tank that was 
accomplished in one day with ultrasonic equipment. The normal testing 
methods that would have been employed in testing the tank would have 
been almost impossible in this particular case. McCaslin also discusses 
various other applications of ultrasonics in the petroleum industry such 
as liquid level indicators for tanks and facilitating location of plugged 
sections of process piping. Further specific applications of ultrasonics 
to the petroleum industry are cited by Evans (1952). 





SInd. Eng. Chem., 46 (10): 15A, 1954. 
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Continuous Viscosity Measurements.—Applications for the Bendix 
“Ultra-Viscoson”6 may appear in operations or processes in which viscosity 
is an important factor. This viscosimeter has found valuable applications 
in a wide variety of fields such as the petroleum, plastic, heavy chemical, 
paint, paper, textile and food industries. The Ultra-Viscoson consists 
of a probe inserted in the liquid and an electronic computer. Viscosity is 
measured by exciting a thin alloy steel blade on the end of the probe with 
a short electrical pulse, the pulse producing ultrasonic shear waves in the 
liquid, and minute layers of the liquid slip back and forth over one an- 
other. The energy required to produce the sliding motion is converted 
into viscosity readings by the electronic computer, and may be read 
directly on the dial or transmitted to a recorder or controller connected 
into the system. 


Flow Measurements.—A unique and welcome application of ultra- 
sonics to industry has been advanced in the form of a flow meter 
for liquids?. The instrument, designed by W. L. Maxon ng epee and 
licensed to Fisher and Porter for production, is built into short sections 
of standard size pipe down to two inches, and has no moving parts to 
clog up and restrict flow. Also, pressure drop through the meter is almost 
negligible. It is reported that almost any type fluid, petroleum, kerosene, 
liquefied gases, chemicals, slurries, and aqueous solutions, may be metered 
for either mass or volume rate of flow. 


Determination of Physical Properties of Organic Liquids.—Employing 
dimensional analysis, Thompson and Bakhshi (1955) have developed 
equations relating physical properties of organic liquids such as surface 
tension, viscosity, molecular weight and density to the velocity of sound 
in the particular liquid. Information on 19 liquids has been compiled 
and presented for the information and use of other scientists. Appli- 
cation of these equations is anticipated in cases where the velocity of 
sound is unknown but desired in a certain liquid, providing the other 
required 7 are known. It is also expected that one of the equa- 
tions would hold true in the case of high polymers and liquids of unknown 
molecular weights. Other possible applications are discussed in the pub- 
lication. 

Determination of Grain Size.—In relation to the field of ultrasonic 
material testing, it has been learned that the transmission qualities of a 
material piece are markedly affected, within certain ranges, by wave 
length to grain size ratios (Carlin, 1949:245; Grossman, 1953). Appli- 
cation of this knowledge to the information gathered from flaw testing 
would give to both the manufacturer and the consumer another method 
of learning more about the internal structure of the product involved. 


Study of Elastic Properties.-An application of ultrasonics for the 





® Ind. Labs. 3 :78-79, 1952. 
‘Ind. Eng. Chem., 47 (11): 65A, 1955. 
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study of elastic properties of hydrocarbons in a longer range of tempera- 
ture and pressure has been developed (Kling et al., 1953). Here, ultra- 
sonic velocities are used in calculation of values of the coefficient of adia- 
batic compressibility. Also ultrasonic waves in the range of 10-30 mega- 
cycles per second have been utilized for measurements of elastic con- 
stants at low temperatures (McSkimin, 1953). Data of this work are 
presented for silicon and germanium single crystals and for fused silica. 


Measurement of Variation in Internal Energy.—Danusso (1950) em- 
loys the first and second laws of thermodynamics to produce formulas 
valid for homogeneous and isotropic liquids in the adiabatic and re- 
versible state. Variations in internal energy are expressed with respect 
to pressure, at constant entropy, as a function of the pressure, volume, 
and density of the liquid and of the velocity of sound in the liquid. 
Values of the molecular internal energy have been tabulated for 34 or- 
ganic liquids (hydrocarbons, alcohols, and ketones) by this method. 


MISCELLANEOUS APPLICATIONS OF ULTRASONICS 


In addition to the numerous specific groups of applications of ultra- 
sonics already mentioned, there are others that are of importance by them- 
selves, although they may not fall under any exact group of previously 
listed applications. 


Preparation of Rayon and Pulp.—It has been suggested that the same 
effect of ultrasonics used in fiber sample preparation (Frey-Wysslingnand 
and Muhlethaler, 1947) could be applied to processing of wood pulp 
(Hueter and Bolt, 1955). Sonic processing affects all fibers in a slurry 
uniformly and produces the high degree of homogeneity which is desirable 
in paper making. Miyashima (1952) has investigated the application of 
ultrasonics in the production of alpha cellulose from red pine. The pulp 
is mixed with 20 per cent caustic and heated first to 120-130 degrees. 
The mixture is then insonated at 500 kilocycles per second while heating 
for 2.5 hours at 170 degrees. This treatment yields 45 per cent product 
of 91 per cent alpha cellulose. 


Hydrogenation by Ultrasonics—A unique application of ultrasonics 
that perhaps may prove of valuable use in the future is that of hydrogena- 
tion’. Elimination of costly pressurized reactor vessels is the idea behind 
hydrogenation by ultrasonic insonation. The high pressure created by 
cavitation, local pressures, are employed in place of a pressure over the 
entire vessel. It has been reported that with an experimental installation 
equipped with an ultrasonic generator of 1.2 megacycles per second fre- 
quency, hydrogenation of a number of substances has been successfully 
performed without a pressurized vessel. 





‘Engr. Digest (London) 13:174, 1952. 
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Destructive Hydrogenation.—Destructive hydrogenation at low tem- 
peratures and pressures with the aid of ultrasonic insonation has also been 
investigated (Marinesco, 1951). Employing a frequency in the range of 
1—3 megacycles per second, substances such as shale, lignite, coal, peat, 
and petroleum residues are placed in a sintered quartz vessel, hydrogen 
diffusing through the quartz. The process is reported to be also appli- 
cable for reduction of metallic oxides, or of organic acids to aldehydes or 
alcohols. 


Preparation of Samples for Electron-Microscope.—Separation by ultra- 
sonic insonation of fibers in preparation of samples for an electron-micro- 
scope has been investigated (Frey-Wysslingnand and Muhlethaler, 1947). 
This method of separating fiber bundles into their constituent fibers ap- 
pears to afford better preparation than does a ball mill. It was observed 
that this treatment applied to ramie, flax, hemp, and cotton results in a 
disintegration of fibers into fibrils. 


Boiler Descaling by Ultrasonics.-The “Crustex”®, an ultrasonic in- 
strument produced by H. N. Electrical Supplies, Ltd., London, has proven 
useful in removing scale from the interior of boilers and in helping to pre- 
vent a large accumulation of scale on boilers and similar apparatus. The 
instrument operates on the principle that the deposited scale and metal 
of the boiler have different moduli of elasticity, the ultrasonic pulses 
causing the scale to fracture and flake off. A generator in the range of 
28 kilocycles per second is coupled by a fluid medium to the unit being 
descaled. This descaling equipment is generally applicable to plants 
operating at pressures up to 450 pounds per square inch and evaporating 
15,000 gallons of water per hour. Under such conditions application of 
the “Crustex” results in continuous scale removal, with only an eggshell 


thickness being present on the interior wall at any one time during the 
treatment. 


Application of Ultrasonics to Textile Processes.—Studies conducted 
by Rath and Merk (1952) on the influence of sound waves on dyeing 
Zave very interesting results, showing definite advantages through the use 
of sound waves as compared with normal operations. The use of sound 
waves increased greatly the rate of dyeing and decreased the tempera- 
ture needed for attaining the same shades as attained at higher tempera- 
tures without application of the sound waves. Dyeing of hydrophobic 
fibers such as nylon and orlon seems to present the most advantageous use 
of ultrasonic insonation in this particular textile operation (Newall, 1950). 
Orientation of growing crystals under ultrasonic insonation has been de- 
scribed by Kapuskin (1950) and the principles have been applied to 
rayon production by Calhoun (1949). Calhoun employed high frequency 
sound waves to control the uniformity and degree of reorientation of the 


* Engineering, 175-619, 1953. 





19% 


ter 
ref 


In 


mk et Oo. oT wg 


Pm- 


: of 
eat, 
gen 
pli- 
} Or 


7). 


ap- 
ved 
na 


1 to 














ENGINEERING ULTRASONICS 155 


1956] 


crystallites of regenerated cellulose fibers. For other numerous and in- 
teresting applications of ultrasonics to the textile industry, the reader is 
referred to an article by Araujo (1952). 


Ultrasonic Cleaning of Precision Parts.—The intense agitation and 
hammering forces resulting from ultrasonically induced cavitation in a 
liquid are utilized in cleaning and degreasing small, precision machined 
parts. Production use of this cleaning method is employed by Schick, 
Inc., for cleaning electric razor heads (Meyer, 1951). The razor heads, 
on a continuous belt, are immersed in a solvent bath and the entire bath 
is insonated. By this method dirt particles finer than face powder, which 
were often missed by the hand brushing previously used for cleaning, are 
completely removed. The particular ultrasonic cleaner employed by Schick 
occupies only 15 square feet of floor space, cleans 2880 razor heads an 
hour, and has lowered cleaning cost by 58 per cent. Ultrasonic cleaning 
is also employed by Fairchild Camera and Instrument Corporation (Henry, 
1952) in the cleaning of precision rotary, slidewire potentiometers. The 
ultrasonic cleaning method appears to be much more effective than pre- 
vious cleaning procedures and is applicable to pieces of almost any ma- 
terial—metals glass, textiles, or moulded products—and to pieces of practi- 
cally any conceivable shape. 


POSSIBILITIES OF ULTRASONIC APPLICATIONS 


Ultrasonics is a new and unique implement for scientists to use in 
their work, but it is by no means an “Aladdin’s Lamp” that will solve all 
present and future problems. Ultrasonics has tremendous possibilities in 
science and industry, but it also has its limitations!®. In general, it may 
be stated that ultrasonics may be applied to any reaction that is thermo- 
dynamically feasible at a given temperature. Ultrasonic insonation may 
possibly benefit an action or a reaction in which time, agitation, and local- 
rit heating and high pressure, or a combination of all, are important 
actors. 
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Some Statistical Properties of Inverse 


Gaussian Distributions’ 


M. C. K. Twepis 
Virginia Agricultural Experiment Station 
Blacksburg, Virginia 


Two detailed theoretical papers on Inverse Gaussian distributions have 
recently been submitted to another journal, and the present paper is, therefore, 
mainly devoted to the origin of the investigation and to the principal results, 


It seems reasonable first to explain what is meant by an Inverse Gaussian 
distribution. 


Consider a small particle floating within a fluid and subject to a force under 
which it tends to drift in a straight line with a uniform velocity w. Superimposed 
on this steady drift is a Brownian movement—the result of inequalities, in 
their action on the particle, in the motions of the surrounding molecules of 
the fluid—the effect of which is that the probability distribution of the position 
of the particle after a fixed time 7 is normal, or Gaussian. If we write y for the 
distance moved parallel to the direction of drift, the mean and variance of y 
after time 7 will be wr and 67, where B is twice the diffusion constant in the usual 
formulation of Fick’s Law. Thus after time 7 the probability element for y is 


en -4' dy) JIB, —0o <y ce. (1) 


The cumulant-generating function of this type of distribution bears a curious 
relationship to that of the normal distribution. For convenience we use the 


logarithm of the Laplace transform of the probability density function as the 
cumulant-generating function. Its value is 


In E(e~*”) = 7K(06), (2) 
where 
K(@) = —w@ + 386. (3) 


Now consider alternatively the time ¢ taken by the particle to cover a given 
fixed distance £ parallel to the direction of drift. This time measurement is a 
random variable, whose probability element can be shown to be 


" atiaialiis dt/* ‘In Bt", 0 . t < ©, (4) 
The logarithm of the Laplace transform of the density function of t is 
In E(e~°"') = &K7"(0’). (5) 
Here 
K""(6’) = @ — Vw" + 286’)/8, (6) 





_| The recent developments in the work reported here were made under a grant from the National 
Science Foundation. 


Editors’s Note: For this paper Mr. Tweedie received the J. Sheldon Horsley Award at the Annual 


Meeting of the Academy in May, 1956. 
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which is the function inverse to K(@) in (8), in the sense that 6’ = K(6) gives 
K-(6’) = 6. 


This relationship between the two cumulant-generating functions in the 
forms (2) and (5) was noted in a paper (Tweedie, 1945) in which the name 
Inverse Gaussian was suggested for distributions of the form of (4). The 
same result can be derived from Wald’s fundamental identity of sequential 
analysis. Wald (1944) showed that the limiting form of the probability distri- 
bution of the sample size in a certain sequential procedure, such as a special 
case of his sequential likelihood ratio test, is of the type the author has called 
Inverse Gaussian. 


This theoretical investigation of Inverse Gaussian distributions was a develop- 
ment from a physical problem. Over a period of years up to 1939, the physics 
research laboratory of the University of Reading, Englanc, was studying the 
effects of various ionizing radiations—X-rays, y-rays, and neutrons—on colloidal 
suspensions. This research was supported by the British Empire Cancer 
Campaign, because of the light it might throw on the action of such radiations 
on living cells. One of the techniques used involved measuring the changes 
in the electrophoretic mobilities—+.e., in the velocities with which the particles 
moved under an electric field—in suspensions of gold or graphite in water. 
Extensive data were obtained on the times taken for individual particles to 
traverse a given distance parallel to the applied field. Since Brownian move- 
ment appeared to be the predominant source of random variation, it was 
plausible to suppose that the recorded times in any one set of observations 
had an Inverse Gaussian distribution. The main formulae which followed 
from the Brownian movement theory were already known or were fairly easily 
found with sufficient precision for those experiments, but a detailed theoretical 
study of some of the statistical properties of Inverse Gaussian distributions 
seemed nevertheless to be worth undertaking, especially as such distributions 
might be found to apply exactly or approximately in other fields. 


Although three parameters appear in (4) and (5) with (6), only two param- 
eters are needed to determine an Inverse Gaussian distribution. We shall, 
therefore, substitute w = &/u and B = £&/), so that X = &/6 and wp = é/a, 
and shall also write x in place of ¢. The variate z then has the probability 
element 


genes ae steer , 0<2< o—~. (7) 
Furthermore, 
In Ee") = o(1 — V1 + 26u/¢), (8) 


where @ = \/u = w/B, which is the variable which determines the shape of the 
distribution curve. The first four cumulants of x are 


m=p, K=p/d, ks = 3y'/p*, Ke = 1dy'/p’. (9) 
The distribution is positively skew and leptokurtic when ¢ is finite, but 
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(zu-! — 1)p* becomes a standard normal variate in the limit when ¢ increases 
indefinitely. 


The distribution of the sample mean, ¢ = Lz2/n, of a fixed number n of 
independent observations belongs to the same family, with the same value of 
wu but with both A and ¢ multiplied by n. Moreover, Z is a ‘sufficient’ statistic 
for u, and the uniqueness properties of Laplace transforms may, therefore, be 
used (cf. Tweedie, 1947) to find conditional expectations of other statistics 
with constant values for Z. 


One of the striking features of the experimental data which led to this study 
was the high positive association between the changes in the sample means in 
different sets of data and the changes in the accompanying sample variances. 
This is largely accounted for by the relationship xz = x«3/A implied by (9), 
but the regression function of the sample variance, s? = 2(x — Z)?/(n — 1), 
on the sample mean, Z, has also been found by the author and is given in (10) 
below. Since Z is a sufficient statistic for u, this regression function is inde- 
pendent of u. The parameter u may vary from one sample to another owing 
to changes in certain superimposed velocities, whereas \ is expected to remain 
very nearly constant in the absence of deliberate modifications of the colloidal 
suspension. Therefore, one regression function should apply to a series of 
samples. With g = An/Z and 


J=1- oe e™* du 
1 


= e_eee ooo  SO  ” F a, — == i _ ee 
“oF itotitor 9 ~ 0 +180 , 
this regression function is 


E(s’ | Z;4,n) = gJ#°/X = Jnz*. (10) 


The product gJ increases from 0 to 1 as g increases from 0 to ~. The value 
of gJ was not far from 1 in the data under consideration, and thus (10) indicates 
that a strong stochastic dependence of s? on Z is a consequence of the Brownian 
movement. It is similarly possible to find the conditional variance of s*, though 


the exact formula is rather long. The observed dispersion in s? was compatible 
with this formula. 


From theoretical results of this kind, it can be shown that s*/Z* is a biased 
but ‘consistent’ estimator of 1/A, and that its asymptotic efficiency, in terms of 
mean square error, is¢/(@ + 3). The same results can also be used in studying 
the properties of a generalization of a statistic of relative dispersion considered 
by Cochran (1937), namely 


x? = (n — 1)s"/E(s’ | #;d, n). (11) 








re 


anrmewrnooasa 





uly 


| of 
> of 
stic 
_ be 
tics 


udy 
3 in 
ces. 
(9), 

1), 
10) 
\de- 
ring 


idal 
3 of 


10) 
alue 
ates 
nian 
ugh 
‘ible 


is of 
ying 
pred 








1956] INVERSE GaussIAN DisTRIBUTION 163 


It is evident that the conditional expectation of x? ism — 1. The conditional 
and unconditional variances of x? are close to 2(n — 1), and, although the 
higher moments have not been examined, it therefore seems likely that the 
distribution of x? is not far different from that of an orthodox chi-square with 
n — 1 degrees of freedom. 


In 1915, Schrédinger presented a derivation of (4) and also showed in effect 
that the estimators of » and A which have maximum likelihood, based on n 
values of x, are f and X as given by 


p = , 1-15 (2-3). (12) 


NM jai \%; z 


The conditional Laplace transform of the density function of 1/\ has more 
recently been shown by the author to be 


E(e~* | z;, n) = (1 + 20/nv) 72", (13) 


which is precisely the same as for x?,-1)/nA, this chi-square having the orthodox 
distribution with n — 1 degrees of freedom and being stochastically independent 
of Z. On this result can be based an analogue of the analysis of variance for 
nested classifications. This analogue uses the tables of x? and F developed for 
the analysis of variance, although the family (7) cannot be transformed into a 
family of Gaussian distributions and the measure of dispersion does not involve 
squared quantities, but depends on the differences between the reciprocals 
of the observations and the reciprocal of their arithmetic mean. 


The sums required in this analogue of the analysis of variance are easy to 
compute. For the analysis of N samples the ith containing n,; observations, 
the algebraic identity—which differs only from the corresponding case in the 
analysis of variance in that reciprocals replace squares—is 


EE(L-2)-SEE-2)+Be(L-2) os 


If all the observations come from one Inverse Gaussian distribution, each of these 
three sums has a chi-square type of distribution and the two on the right are 
stochastically independent. Their degrees of freedom are 


> (n) = 3, Y (a —1) and N-1. (15) 


é=1 


The quotient of any of the three sums by the corresponding number of degrees 
of freedom then has 1/A as its expectation. If, on the other hand, additional 
sources of variation affect the differences between the NV means, the quotient 
associated with that classification will tend to be increased and its significance 
can be tested by the value of F. These formulae can be extended to any number 
of nested classifications, but apparently cannot be extended satisfactorily to 
crossed classifications. 
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As an illustration, take the case of N = 4 with n; = 5 for each sample. Sup- 
pose that the observed values of z are as follows: 


Means 
i=1: 8.7 9.0 8.4 8.6 8.4 8.62 
i= 2: 8.5 8.6 8.4 8.3 8.8 8.52 
i= 3: 8.4 9.0 8.9 8.5 8.8 8.72 
i= 4: 8.1 8.4 8.5 8.1 8.4 8.30 
The ‘analysis by reciprocals’ of these data is 
Source of variation d.f. SDR Quotient F 
Between samples 3 0.000784 0.0002613 3.28 
Within samples 16 0.001274 0.0000796 
Total 19 0.002058 
The analysis of variance of the same data is 
Source of variation d.f. SSD Quotient F 
Between samples 3 0.484 0.1613 3.21 
Within samples 16 0.804 0.0502 
Total 19 1.288 


Here SDR stands for the ‘Sum of Differences of Reciprocals’, while SSD stands 
for the ‘Sum of Squares of Differences’. The 5 per cent point is F = 3.24, 
so that the analysis by reciprocals indicates a significant difference while the 
analysis of variance does not. The margin is, however, very narrow, and there 
seems to be a general tendency for the two methods of analysis to give fairly 
closely equal values for F. 


Neither the power of this method of analysis by reciprocals, nor its sensitivity 
to departures from the precise theoretical assumptions, has been investigated 
more than superficially. A small empirical study, using experimental data, 
gave a favorable result in comparison with analyses of variance of x and of 
2z-4, this last variate having theoretically a variance which is almost independent 
of u. It is, therefore, hoped that a more extensive investigation of this method 
may be conducted, as there might prove to be more general cases where it is 
superior to the analysis of variance, especially if a transformation of the variate 
is necessary before applying the latter. At present, however, the theoretical 


justification for assuming an Inverse Gaussian distribution applies only to a 
very restricted field. 
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Morphological Comparisons Of Resistant And 
Non-Resistant Strains Of The German 
Cockroach, Blattella germanica (L} 


J. G. Manan and J. M. Grayson 
Lynchburg College and Virginia Agricultural Experiment Station 


Since the close of World War II much use has been made of DDT 
and other chlorinated hydrocarbon insecticides in the control of insect 
— For a period these were hailed as the ultimate weapons in man’s 
ong battle with the insects. Then problems began to arise, as had been 
the case with certain other insecticides previously used. Among these 
was the development of strains of various insect species which showed re- 
sistance to insecticides at concentrations which formerly had been effec- 
tive in controlling them. This situation has provoked comparative studies 
of resistant and normal strains from the standpoints of physiology, genetics, 
behavior, and morphology. The scope of this paper is limited to certain 
morphological comparisons between strains of the German cockroach. 


A number of workers have made comparisons between resistant and 
non-resistant strains of the housefly, Musca domestica (L.), upon the basis 
of morphology. The results of these studies would appear to be contra- 
dictory, but this can perhaps be attributed to non-uniformity in the DDT- 
resistant strains occurring in various parts of the world. Weismann (1947) 
found that flies from the Arnas strain which had shown resistance in 
Sweden had greater cuticular pigmentation, stiffer tarsal bristles, shorter 
and wider tarsal segments, and thicker tarsal cuticular and intersegmental 
membranes than a normal strain from Basel, Switzerland. Bigelow and 
Le Roux (1954) have reported distinct morphological differences be- 
tween DDT-resistant and non-resistant strains of the house fly from the 
United States and Canada; the characters measured were: maximum 
width and length of the second abdominal sternum, width of frons be- 
tween the ptilinar sutures, and length of the terminal segment of the 
right antenna. On the other hand, March and Lewallen (1950) found 
no significant difference in morphology between DDT-resistant and 
normal strains of house flies in California. It is true that they found the 
tarsi in the DDT-resistant strain to be smaller in length and width than 
those in the non-resistant strain, but these differences were not significant. 
Comparisons of house fly strains in New York (Pimentel et al., 1951) re- 
vealed little difference between resistant and non-resistant strains, al- 
though these comparisons were largely biological in nature. In a mor- 
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hometric analysis of 16 different characters in five DDT-resistant and 
four non-resistant strains of house flies, Sokal and Hunter (1955) con- 
cluded that, in general, DDT resistance was not correlated with any of 
the morphological characters or ratios involved. 


Apparently no critical morphological comparisons have been made 
previously between different strains of the German cockroach. 


PROCEDURE 


The work reported herein involved three resistant strains and one 
normal] strain of the German cockroach which are being maintained in an 
entomological laboratory of the Virginia Agricultural Experiment Station 
at Blacksburg. The DDT- and lindane-resistant strains were produced by 
approximately 23 successive generations of selection; these selections were 
based upon survival to treatments giving greater than 50 per cent mortal- 
ity. The chlordane-resistant strain, however, was developed in the field as 
a result of the sustained use of chlordane for cockroach control. 


Cockroaches of known age were obtained by daily observation and 
removal of newly emerged adults from cultures containing nymphs. 
After removal, the adults were isolated upon the basis of sex for a period 
of one week. Food, consisting of commercial dog food, and water were 
provided at all times, and resting surfaces of either pressboard or screen 
wire were provided in the rearing jars. At the end of one week the cock- 
roaches were removed, killed with cyanide, and immediately measured. 
On each cockroach the following four measurements were made: (1) total 
length from front of head to tip of abdomen, (2) width of head in region 
of eyes, (3) width of pronotum, and (4) length of pronotum. Measure- 
ments were made on 50 cockroaches for each sex within each strain. All 
measurements were made with vernier calipers designed to read to 0.1 mm. 


RESULTS AND DISCUSSION 


The results are shown in Table 1. Differences between resistant and 
normal strains were significant for most measurements, the only excep- 
tions being total length of males and females in the lindane strain and 
pronotum length of females in the chlordane strain. There was a con- 
sistent tendency for males and females in resistant strains to be smaller 
than those in normal strain; this was especially true in the case of the DDT- 
resistant strain as the values obtained for all measurements were highly 
significantly smaller than similar ones obtained from normal cockroaches. 


Perhaps these results are not unexpected in view of the differences 
previously reported in weight, fecundity, and size of egg cases between re- 
sistant and non-resistant strains of the German cockroach (Grayson, 1953, 
1954). The data presented in this paper would seemingly indicate a 
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negative correlation between size and resistance in the German cock- 
roach. The question of whether smaller size is a cause or an effect of 
selection for resistance still remains unanswered. Gene changes re- 
sponsible for producing resistance may be positively correlated with a 
smaller body size, or they may be responsible for a decrease in size 
as a secondary and unrelated effect. A theoretical explanation in support 
of the former might be that a smaller surface area would impart a degree 
of protection against entrance of the toxicant into the insect body. 


TasBLe 1.—Morphological differences between resistant and non-resistant 
strains of the German cockroach, Blatella germanica (L.) 








Total Head Pronotum Pronotum 
Strain Number Length Width Width Length 
Measured (mm.) (mm.) (mm.) (mm.) 
MALES 











DDT 50 13.31 + .06? 195+ .01?7 3.394 .02? 232+ .03 
Chlordane 50 13.59 + .08? 196+ .01? 3.56+ .02!' 246+ .02? 
Lindane 50 1431+ .08 2.000+ .01? 3.464 .072? 242+ .02? 
Non- 

resistant 50 1445+ .04 205+ 01 3.634 02 264+ .02 

FEMALES 

DDT 50 12.99+ .09 2.07+ 014 3.89+ .02¢ 2.81 + .02' 
Chlordane 50 13.15+ .08' 2.14+ 014 412+ .02? 297+ .01 
Lindane 50 13.52+ 09 2.15+ .02¢ 4.04+ .02¢ 2.79+ .02 
Non- 


resistant 50 13.734 10 230+ 01 418+ 02 298+ .02 





1 Significantly different (P = <.05) from check males. 


* Highly significantly different (P = <.01) from check males, 
+ Significantly different (P = <.05) from check females. 
* Highly significantly different (P = <.01) from check females. 
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SUMMARY 


Morphological comparisons were made between adults from a non- 
resistant (normal) strain of the German cockroach, Blatella germanica 
(L.), and those from strains resistant to DDT, chlordane, and lindane. 
The criteria employed were: total length, width of head, width of pro- 
notum, and length of pronotum. Significant differences between re- 
sistant and non-resistant strains were obtained for all comparisons except 
total length of males and females in the lindane strain and pronotum 
length of females in the chlordane strain. Males and females from re- 
sistant strains were smaller than those from the normal strain. No evi- 
dence is offered to explain the apparent correlation of resistance and 
smaller size. 


ACKNOWLEDGMENTS 


The writers wish to express their appreciation to C. Y. Kramer, 
Statistical Laboratory, Virginia Agricultural Experiment Station, for mak- 
ing the statistical analyses involved in this study. 


LITERATURE CITED 


BiceLow, R. S. and E. J. LeRoux. 1954. Distinct Morphological Dif- 
ferences between DDT-Resistant and Non-DDT-Resistant Strains of 
the House Fly, Musca domestica L. Canad. Ent., 86:78-86. 


Grayson, J. M. 1953. Effects on the German Cockroach of Twelve 
Generations of Selection for Survival to Treatments with DDT and 
Benzene Hexachloride. Jour. Econ. Ent., 46:124-127. 


. 1954. Differences Between a Resistant and a Non-Resistant 
Strain of the German Cockroach. Jour. Econ. Ent., 47:253-256. 


Marcu, R. B. and L. L. Lewarven, 1950. A Comparison of DDT-Re- 
sistant and Non-Resistant House Flies. Jour. Econ. Ent., 43-721-722. 


PiwenteL, D., J. E. Dewey, and H. H. Scuwarpr. 1951. An In- 
crease in the Duration of the Life Cycle of DDT-Resistant Strains of 
the House Fly. Jour. Econ. Ent., 44:477-481. 


SoxaL, R. R., and P. E. Hunter. 1955. A Morphometric Analysis of 
DDT-Resistant and Non-Resistant House Fly Strains. Ann. Ent. Soc. 
Amer., 48(6):499-507. 


Weisman, R. 1947. Untersuchungen uber das physiologische verhalten 
von Musica domestica L. Schweiz. Ent. Gesell. Mitt., 20:484-504. 











170 Te Vircinia JOURNAL OF SCIENCE [July 


A New Species Of Aphanomyces, And It’s 
Significance In The Taxonomy Of The 
Water Molds 


Wiu1am W. Scott 


Virginia Polytechnic Institute 


If one undertakes even a brief survey of the mycological literature 
published during the past 30 years, the vast accumulation of information 
dealing with the saprolegniaceous fungi is overwhelming. These fungi 
have been the subject of intensive investigations by mycologists for 
more than a century. In the light of recent observations and results, 
however, particularly with respect to morphology, taxonomy, physiology, 
distribution, and economic importance of these fungi, even the more 
recent monographic treatments of the Saprolegniaceae appear to be lack- 
ing in completeness. The publication of numerous new species and the 
changing concepts of the older species indicate that this entire group of 
fungi might well be reinvestigated. A systematic study of the individual 
genera of the Saprolegniaceae seems to be the logical approach to such an 
arduous problem. As a step in this direction the author has undertaken 
a comprehensive treatment of one of these genera, Aphanomyces; the 
present contribution dealing with a single species, A. patersonii, n. sp., 
and its significance in the taxonomy of the family as a whole. 


The genus Aphanomyces was established by DeBary in 1860 to in- 
clude a number of saprophytic and parasitic fungi with “swarmspores 
in a single row in long, cylindrical filaments which are formed in the same 
manner as the vegetative hyphae, after discharge collecting in a cluster 
(at the mouth of the zoosporangium); from these (cysts) secondary 
Swarmers emerge; oospores single in oogonium.” As other investigators 
studied members of this group, a more complete and comprehensive di- 
agnosis of the genus was established. The basic concept of the genus as 
cited by DeBary has, however, been maintained. These diagnostic charac- 
teristics are (1) a delicate mycelial growth; (2) an undifferentiated 
zoosporangium with primary zoospores produced in a single row, the 
latter encysting in a cluster at the mouth of the zoosporangium and, 
later, giving rise to secondary zoospores; and, (3) a single oospore pro- 
duced within each oogonium. 


The taxonomic results of many years of study by DeBary on the 
Saprolegniaceae were presented in a paper published posthumously (1888). 
Included in this paper was the description of a new genus, Leptolegnia, 
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which differed from the genus Aphanomyces only in that the primary 
zoospores upon discharge from the zoosporangium swam away for a 
considerable distance prior to encystment. The results of the present in- 
vestigation may cast some doubt as to the validity of the genus Leptolegnia. 


Although the genus Aphanomyces includes both saprophytic and 
parasitic species, only three species have been reported previously as 
being parasitic on Crustacea. These are A. ovidestruens, a bizarre para- 
site on Diaptomus (Gicklhorn, 1923), A. daphniae on Daphnia hyalina 
(Prowse, 1954), and A. astaci, a serious parasite on Astacus, capable of 
causing severe epidemics and responsible for the destruction of entire 
crayfish populations (Rennerfelt, 1936). Species of Leptolegnia have, 
likewise, been reported as important parasites of crustaceans. L. ceudata 
was described as parasitic on Leptodora (Petersen, 1909), while more 
recently a closely related species was reported as the cause of epidemics 
in the copepod Eurytemora (Vallin, 1951). 


The fungus described herein as a new species of Aphanomyces was 
first observed in a plankton sample collected May 12, 1954, from Frains 
Lake, Washtenaw County, Michigan. At the time this collection was 
made, almost every specimen of Daphnia observed was infected with 
mycelia of the fungus. After storage at 15°C for 48 hours all Daphnia 
individuals in the original sample were dead and their body cavities com- 
pletely filled with oogonia of the parasite. Prior to the discovery of this 
parasite, numerous plankton samples from the same locality revealed the 
presence of an abundant Daphnia population. One week following the 
occurrence of this epidemic, the Daphnia in the plankton had practically 
disappeared. This reduction was believed to be a direct result of the 
fungus infection. 


In the original material collected no zoosporangial stages were ob- 
served, the infection apparently having been already well established. 
Fortunately, however, this fungus was readily obtained in culture on nu- 
trient agar, and upon transfer to snake skin in sterile water produced 
abundant zoosporangia and zoospores. The following description was de- 
rived in part from culture material and in part from observations of the 


fungus within the host. 


Aphanomyces patersonii, N. SP. 


Mycelium 8-15 micra in diam., intramatricalum, parce ramosum, intra 
hospitem ramificatum; zoosporangia longa, filamenta, non ramosa, in eodem 
diam. cum hyphis, isometrica, parietem hospitalem penetrantia et ortho- 
genie in aquam contiguam distendentia; zoosporae primae oblongae, 
paucae, in foramine encystantes vel duabis flagellis protensis natantes; 
zoosperae primae encystantate 10-15 micra in diam., schistoses emittunt; 
zoosporae secundariae reniformae, a latere biflagellatae, oogonia terminalia 
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in ramis brevibus lateralibusque, globus, 26.5-39.0 micra in diam., leve 

munita; oosporae 1.5 micra in diam., quod in eis continetur crassum 

cum uno globulo oleario vel cum aliquot sparsis guttis oleariis; autheridia 
singularia, tumida clacataque; caulis antheridialis simplex, non ramosus, 
declinus, germinatio non observata. 

In Daphnia sp. parasiticis, Frains Lake, Washtenaw County, Mich- 
igan. 

. Mycelium 8-15 micra in diameter, intramatrical, sparingly 
branched, ramifying throughout the body cavity of the host; 
zoosporangia long, filamentous, unbranched, of the same diam- 
eter as the vegetative hyphae, isodiametric, penetrating the 
host wall and extending at right angles into the surrounding 
medium; primary zoospores rod-shaped, few in number, en- 
cysting at the orifice or swimming by means of two forwardly 
directed flagella; encysted primary zoospores 10-15 micra, in 
diameter, discharge schistose; secondary zoospores reniform, 
laterally biflagellate; oogonia terminal on short, lateral branch- 
es, spherical, 26.5-39.0 micra in diameter, smooth-walled, oos- 
pore 21.5-30.5 micra in dameter, hyaline, contents granular with 
a single, large oil globule or with several scattered oil droplets; 
antheridia single, swollen-clavate; antheridial stalk simple, un- 
branched, diclinous in origin; oospore germination not observed. 
Parasitic on Daphnia sp., Frains Lake, Washtenaw County, Michigan. 
Although the developmental cycle of Aphanomyces patersonii was 

observed to be quite typical when compared with other carnivorous mem- 

bers of the genus, several interesting and significant features in this life 
cycle are worthy of consideration here. It should be mentioned, further- 
more, that many of the observations reported here were also noted in the 

case of A. daphniae (Prowse, 1954). 

The vegetative hyphae varied in diameter from 8 to 15 micra, and, 
although sparingly branched, these hyphae ramified abundantly through- 
out the body cavity of the host. The contents of such filaments were 
noticeably sparse, the protoplasmic material being restricted to a thin, 
rs layer around the inner hyphal wall. In contrast to these, the 

yphae destined to become zoosporangia were densely packed with proto- 

plasm, often appearing light brown in color when observed in mass. The 
zoosporangia were formed at right angles to the vegetative hyphae, pro- 

— out into the surrounding water. These structures were long, un- 

ranched, did not taper at the apex, and were of the same diameter as the 

vegetative hyphae. Zoospores were formed in a single row, their contents 
finely granular and always with a small but conspicuous oil droplet. The 
elongate primary zoospores were 15-23 by 7-15 micra and in early stages 
of differentiation were connected by delicate, protoplasmis strands. Upon 
discharge they normally encysted at the mouth of the zoosporangium. The 

encysted primary zoospores were 10-15 micra in diameter and possessed a 

rather thick wall. The contents of each cyst escaped by the formation of 

a jagged slit in the wall (Fig. A). This type of discharge from the primary 

zoospore cyst was of particular interest since in all other species of Aphano- 
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myces the emergence of the secondary zoospore was poroid or papillate. 
The process described here has been termed “schistose”. 





EXPLANATION OF FIGURES 


Aphanomyces patersonii 


Fig. A—Zoospore formation and encystment under normal environ- 
mental conditions. Note the jagged slits through which the secondary 
zoospores emerge from the primary zoospore cysts. Fig. B.—Zoospore for- 
mation and emergence under abnormal environmental conditions. Note that 
the primary zoospores undergo amoeboid activity and swim prior to en- 
cystment. Fig. C-E.—Oospore formation. Note the fusion of the antheri- 
dial cell with the oogonium and the passage of its contents into the female 
gametangium. 
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Immediately upon emergence the secondary zoospores underwent a 
short period of amoeboid activity, the two flagella being conspicuous but 
motionless. These zoospores rapidly assumed a typical reniform shape 
and the laterally attached flagella became active. After a period of vig- 
orous swimming they gradually settled down and became spherical. Dur- 
ing the latter period, prior to encystment, the flagella were lost or were 
withdrawn. Later, the secondary zoospore cysts germinated by the for- 
mation of long, branched filaments ultimately producing a mycelium. Re- 
peated emergence and encystment of the secondary zoospores were not 


observed. 


One of the more striking features of this parasite was the behavior 
of the zoospores under abnormal environmental conditions. It was ob- 
served that the formation and liberation of the primary zoospores oc- 
curred more frequently at night, and that zoospore discharge proceeded 
typically only if the temperature did not exceed 20°C. At higher tempera- 
tures the primary zoospores emerged as rod-shaped bodies which, instead 
of encysting at the orifice of the zoosporangium as is characteristic of the 
genus Aphanomyces, immediately exhibited amoeboid activity and, bending 
at their mid-point, formed arrowhead-shaped bodies with two apically 
attached, forwardly directed flagella (Fig. B). These primary zoospores, 
exhibiting a behavior pattern characteristic of the genus Leptolegnia, swam 
sluggishly, assumed a triangular shape, later became pyriform, and finally 
encysted as spherical bodies. Within a few hours a typical, reniform 
secondary zoospore emerged from each cyst through a pore in the cyst 
wall. The fact that under abnormal environmental conditions (i. e. tem- 
peratures above 20°C) the primary zoospores tended to emerge and to 
swim in a manner characteristic of the genus Leptolegnia seems to indicate 
that the distinction between Leptolegnia and Aphanomyces may not be as 
well marked as has been supposed. Prowse (1954) has suggested that 
pan of Aphanomyces may well have been derived from Leptolegnia by 

e suppression of the primary swimming stage, and under abnormal con- 
ditions such species may revert to the original diplanetic state. 


At the time the original collection of this fungus was made, oogonia 
were observed in abundance, often completely filling the body cavity of 
the host. These were never observed outside the carapace of the host. 
The oogonia were smooth-walled, spherical, 26.5-39.0 micra in diameter. 
The oospores, formed singly, were 21.5-30.5 micra in diameter and con- 
tained a conspicuous, central oil globule or, oftentimes, several smaller oil 
droplets (Fig. C-E.). The crowded condition of the sex organs within the 
body cavity of the host resulted in difficulties in the observation of anth- 
eridia and antheridial branch origin. The few antheridia which could be 
critically studied were swollen, clavate structures applied singly, rarely 2-3, 
to the oogonia and were diclinous in origin. Fertilization tubes were not 
observed, and, in this species at least, such structures apparently were 
not formed. Upon contact with the oogonium, there appeared to be a 
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fusion between the wall of the antheridial cell and the oogonial wall 
(Fig. C). Ultimately, the wall in this area disappeared allowing the 
contents of the antheridial cell to pass freely into the female gametangium. 
Germination of the resulting oospore was not observed. 


Because of the smaller measurements of the oogonia and oospores, 
the presence of a persistent oil globule, and primarily because of the un- 
usual method of secondary zoospore emergence, it seemed justifiable to 
recognize ge econ as a new species of Aphanomyces. Futhermore, 
the marked differences in hyphal and zoosporangial characteristics also 
indicated that this isolate was a fungus different from A. daphniae and 
other related species parastitic on copepods. The specific epithet pater- 
sonii was so named in recognition of Robert A. Paterson who made the 
original plankton collection and who first called to the writer's attention 
the presence of this parasitic fungus. 
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A Preliminary Survey of the Habitat Types of 
Two Species of Cypripedium, C. calceolus 
var. pubescens and C. acaule ° 


B. E. Frye anp Diane TESTRAKE 
Emory University and University of Florida 


The native ladyslippers, due to their great beauty and fascinating 
form, have probably attracted more attention than any other group of na- 
tive orchids. Yet, except for certain life agg studies of Curtis (Curtis 
1939, 1943, 1954; Duncan and Curtis 1942), there appears to have been 
very little effort to make a systematic study of the ecology of the group. 
True, various scientific workers and casual observers have commented, in 
a somewhat abstract manner, on the habitat types and environmental 
conditions in which the various species have been found. Thus, House 
(1934) states that “the stemless ladyslipper (C. acaule) is one of the 
few conspicuous wild flowers that appears to be equally at home in the 
pine lands of the northern coastal plain or the rocky woods of the central 
and northern point of New York”. Similarly, Wherry (1933) states that 
the yellow ot wvtel (C. calceolus var. pubescens) “normally inhabits 
upland woods or the drier parts of swamps”. Similar subjective descrip- 
tions of the growth conditions of our other native species of ladyslippers 
have been made. It seemed, therefore, desirable to make a thorough study 
of the ecology of the native species in order to gain some notion of the 
range of tolerance and the limiting factors effective in determining the 
distribution of the various species of Cypripedium. 


This problem was undertaken as a preliminary study of the habitats 
of two species of Cypripedium commonly found in the eastern United 
States, namely C. calceolus var. pubescens (Correll, 1938) and C. acaule. 
Those environmental factors chosen for emphasis in this study were soil 
reaction in terms of pH and associated flora. Other factors considered 
to the extent allowed by the available time and equipment were light, 
temperature and soil. 


MATERIALS AND METHODS 


At the beginning of this study the various plant communities found 
in the vicinity of the Mountain Lake Biological Station were investigated 
and specimens of C. calcoelus var. pubescens (hereafter referred to as 





3 Work performed in partial fulfillment of the requirements for the course in Plant 
Ecology at the Mountain Lake Biological Station, University of Virginia. 
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C. pubescens and C. acaule, were selected for study. Communities as 
diverse in location and structure as could be found were selected in 
order that we might observe specimens of each species under a variety 
of situations and thus get some indication as to which factors are impor- 
tant in determining the distribution of the species and which are perhaps 
co-incidental. To ascertain that we were investigating specimens in 
“normal” conditions, that is, conditions in which the entire life cycle is 
passed successfully, the plots chosen for investigation were primarily 
those which contained flowering size specimens, preferably in combi- 
nation with seedlings in various stages of development. From the many 
colonies present in the area 12 observational plots of C. pubescens and 
13 of C. acaule were established within a distance of three or four miles 
from the Mt. Lake Biological Station. Each of these was analyzed 
thoroughly with reference to the associated plants and the soil reaction. 
Light, temperature, and soil moisture were considered to a lesser extent. 


Counts and measurements were made of the associated plants to 
determine which forms were dominant in the communities and to ascer- 
tain what flora, if any, was most constantly associated with the habitats 
of each of the two species. All plots were marked off in circular quadrats 
by using a string of the desired radius fastened at plot center, the obser- 
vational specimens being located in plot center. Trees were counted in 
a 100 sq. meter quadrat (5.6 meter radius) and d.b.h. values taken as a 
criterion for determining dominance. Shrubs were counted in a 12.6 sq. 
meter quadrat (two meter radius). The dominant forms were ascertained 
by measuring the height of all shrubs. All specimens above 1 inch d.b.h. 
were counted as trees. Herbs were recorded within a one square meter 
quadrat (56.5 centimeter radius). Only presence was noted for the 
herbs, no attempt being made to evaluate relative abundance. 


The ladyslippers themselves were counted throughout the 100 sq. 
meter plot. Plants were noted as either mature or immature using the 
criterion of size and, whenever possible, the presence of flower stalks or 
old seed pods. To gain some idea of the constancy of reproduction, all 
plot specimens were measured. In the case of C. pubescens height was 
determined to the base of the highest leaf, or to the flower bract in ma- 
ture specimens; for C. acaule, breadth of the widest leaf was measured. 
Curtis (1943) has pointed out that size cannot be taken as an accurate 
indication of the degree of maturity, the only true criterion apparently 
being root development. Lacking better methods, however, we assume 
that a wide range of seedling size may be taken to indicate more or less 
continuous reproduction. 


For determining pH values soil samples were taken from the one 
Square meter quadrant at depths of two, four, and six inches. Samples were 
stored in soil sample cans. The pH values of the soil were obtained with a 
portable type pH meter (Analytical Measurements Inc., Chatham, New 
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Jersey) which permitted electrical determination of the pH to one decimal 
place. 


Light readings were made at various times through the day with a 
Norwood light meter utilizing a spherical light gathering surface. Each 
recorded value consisted of an average of five readings made at arbitrary 
points around the plot center specimen. The incident light was read di- 
rectly in foot candles and the obtained values expressed as the percentage 
of the full light in an open situation. 


Temperature was recorded for the soil at a depth of about four inches 
and for the air at the level of the plant tops. Initially the air temperature 
was determined at various levels but this proved to be superfluous since 
there was no observable difference between the ground level and the 
top of the plants. 


As an index to the soil water relationships of the two species the 
capillary capacity of the soil of representative plots was determined. This 
is expressed as the percentage of water per gram of wet soil. In addition 
the moisture equivalent of representative plots was obtained, using the 
method described by Daubenmire (1947). In determining both the 
capillary capacity and the moisture equivalent two soil samples from 
each selected plot were examined. 


OBSERVATIONS AND RESULTS 


Concerning the ladyslippers themselves, it has already been indicated 
that in selecting plots for study, only those which showed evidences of 
active reproduction, preferably those containing both mature, flowering- 
size specimens and seedlings in various stages of development, were 
chosen. The C. pubescens plots contained an average of 6.5 specimens 
per plot with a ratio of mature to seedling specimens of approximately 
1:1. C. acaule, on the other hand, shows a much greater tendency to 
colonize. Here the plots contained an average of 13.6 specimens per 
plot with a mature to seedling ratio of 1:6. In many cases C. acaule plots 
contained from 30 to 40 or more specimens per 100 square meters, where- 
as C. pubescens were seldom found in a deny greater than 10 to 12 
plants per 100 square meters. 


A summary of the results of our observations and measurements on 
the trees associated with C. acaule and C. pubescens is found in Tables 
I and II. As indicated by the basal area tabulations in Table I, the domi- 
nant tree in most of the C. acaule communities was Pinus rigida. As in- 
dicated by the frequency tabulations, however, Pinus rigida was actually 
present in only 53.8 per cent or 7 of the 13 observational plots. This 
species was actually the predominant tree in all plots where it was found, 
constituting between 42 and 99 per cent of the total basal area with an 
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average of 65.5 per cent for these seven plots. Of the remaining six 
plots Quercus alba and Q. rubra were dominant in three, constituting a 
total of 68 to 91 per cent of the basal area; Sassafras albidum was domi- 
nant in one plot with 51.5 per cent of the total basal area. One plot was 
located in a spruce bog with Picea rubra contributing 79.5 per cent of the 
basal area, and one plot was dominated by Pinus strobus with a basal 
area percentage of 78.5. 


TaBLeE I.—C. acaule, Associated Trees. 





Per cent Per cent 
Species Basal Area Basal Area Frequency 
Pinus rigida 1445.76 42.9 53.8 
Quercus maxima 510.06 15.3 61.6 
Quercus alba 357.58 11.1 53.8 
Pinus strobus 287.51 9.1 7.7 
Sassafras albidum 130.73 3.8 46.2 
Quercus velutina 127.41 3.7 15.4 
Picea rubra 106.40 3.2 7.7 
Amelanchier sp. 90.10 2.6 23.1 
Hamamelis virginiana 77.33 2.3 46.2 
Acer rubra 54.94 1.7 46.2 
Prunus serotina 38.08 1.2 7.7 
Nyssa sylvatica 36.75 1.0 46.2 
Robinia pseudoacacia 33.68 9 15.4 
Ilex montana 25.78 7 23.1 
Betula lenta 15.48 5 15.5 
Halesia sp. 12.6 A 7.7 
Castanea dentata 9.27 3 38.5 
Tsuga canadensis 8.99 .28 7.7 
Quercus ilexifolia .79 02 7.7 
3369.24 100.00 


In contrast, all the communities of C. pubescens which were ob- 
served were found in stands which were predominantly oak. In all the 
— the dominant trees were Quercus alba and Q. rubra. The combined 

asal areas of these two species averaged about 90 per cent of the total 
basal area with a range of from 47.4 to 100 per cent of the basal area in 
the various plots. Observations on the trees associated with C. pubescens 
are summarized in Table II. 
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TABLE II.—C. pubescens, Associated Trees 





Per cent Per cent 

Species Basal Area Basal Area Frequency 
Quercus maxima 1723.11 47.21 100.0 
Quercus alba 1576.26 42.80 100.0 
Amelanchier sp. 143.42 4.00 63.0 
Acer rubra 93.55 2.55 54.0 
Robinia pseudoacacia 28.95 .79 18.0 
Carya sp. 28.39 .76 36.0 
Sassafras albidum 20.39 55 19.0 
Quercus coccinea 19.60 4 9.0 
Hamamelis virginiana 18.82 51 45.0 
Castanea dentata 3.19 .087 18.0 
Nyssa sylvatica 2.55 069 9.0 
Ilex montana 2.46 067 9.0 
Magnolia acuminata 2.46 .067 9.0 

3663.09 100.00 


As suggested by the data in Table III, tme C. acaule communities 
were usually characterized by an understory of Kalmia latifolia and other 
ericaceous forms. In two plots the undergrowth consisted chiefly of 
species of Gaylussacia and in two other plots species of Rhododendron pre- 
dominated, R. viscosum in one case pa R. maxima in the other. Bither 


species of Gaylussacia or Vaccinium, or both, were always characteristic of 
the lower strata. 


In the C. pubescens communities, as indicated by the data in Table 
IV, the understory was predominantly Rhododendron calendulaceum with 
the lower strata again being characterized by species of Gaylussacia and 
Vaccinium. It should be pointed out, however, that the aspect of the 
understory in the communities of the two species of ladyslippers was 
completely different due to the usually much lower density of the under- 
story at all levels in C. pubescens plots. Hence, C. acaule was often found 
in almost impossible tangles of Kalmia and Gaylussacia whereas C. 
pubescens was in open, easily accessible stands. For example, in the 


C. acaule plots there was an average density of Kalmia latifolia of 3.25 
plants per square meter as contrasted with a density of 1.59 plants per 
square meter for Rhododendron calendulaceum, the chief shrub associated 
with C. pubescens. Moreover, these values do not take into consideration the 
differences in growth habits of the two shrubs; i. e., K. latifolia is usually 
very highly branched and spreading as contrasted with the upright, 
moderately branched form of R. calendulaceum. 
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TABLE III.—C. acaule, Associated Shrubs. 





Height Per cent 
Species (inches) Height Frequency 
Kalmia latifolia 17951 54.00 77.0 
Gaylussacia sp. 5207 15.61 84.7 
Rhododendron viscosum 3093 9.30 53.9 
Sassafras albidum 1400 4.21 61.6 
Hamamelis virginiana 1048 3.11 53.9 
Rhododendron maxima 908 2.71 15.4 
Vaccinium erythrocarpum 559 1.76 30.8 
Castanea dentata 596 1.75 38.5 
Nyssa sylvatica 571 1.70 38.5 
Halesia sp. 444 1.32 46.2 
Prunus serotina 323 91 yA 
Viburnum sp. 286 85 15.4 
Amelanchier sp. 210 .60 15.4 
Acer rubra 197 08 23.1 
Ilex montana 175 3 Fot 
Quercus maxima 167 50 38.5 
Quercus alba 97 32 30.8 
Crataegus sp. 52 16 7.7 
Betula sp. 15 05 15.4 
Quercus velutina 9 .03 7.7 
33348 100.00 


The herbs were noted for presence only, it being desired to ascer- 
tain whether or not there was any consistency in the forms found growing 
in association with the ladyslippers. The herbs found in the C. acaule 
communities were primarily ericaceous forms such as Galax aphylla and 
Gaultheria hispidula. The forms most frequently found in the C. pubescens 
communities included Aralia nudicaulis, Dioscorea quaternata, Smilacina 
tacemosa, numerous composites such as species of Aster and Solidago, as 
well as various grasses. 


The results of pH determinations are presented graphically in figure 
1. It may be noted that C. acaule plots had a pH range between 4.2 and 
5.2 at the two inch level with a mean value of 4.4. At four inches the 
range was from 4.1 to 5.1 with a mean of 4.5 and six inches down the 
range was from 4.2 to 5.3 with the mean again being 4.5. For C. pubescens 
the two inch level had a range from 5.0 to 6.2 with a mean at 5.6. At 
the four inch level the range was from 5.1 to 6.0 with a mean at 5.6 
while at six inches the range was from 4.9 to 6.0 with a mean again 
at 5.6. The pH means were obtained by converting the logarithms to 


numbers, averaging these and reconverting the numbers to the pH 
logarithm. 
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TaBLe IV.—C. pubescens, Associated Shrubs. 





Height Per cent 
Species (inches) Height Frequency 
Rhododendron calendulaceum 6081 52.62 90.0 
Vaccinium erythrocarpum 1379 11.93 36.0 
Gaylussacia sp. 1367 11.80 81.0 
Castanea dentata 726 6.30 81.0 
Betula sp. 472 4.10 18.0 
Quercus maxima 320 2.81 54.0 
Quercus alba 274 2.31 81.0 
Robinia pseudoacacia 233 1.93 36.0 
Amelanchier sp. 198 1.73 18.0 
Acer rubrum 139 1.20 54.0 
Viburnum sp. 109 94 18.0 
Rhododendron viscosum 68 59 9.0 
Hamamelis virginiana 66 57 18.0 
Carya sp. 33 .28 18.0 
Sassafras albidum 32 27 9.0 
Crataegus sp. 22 19 9.0 
Pyrus sp. 22 19 9.0 
Quercus velutina 15 13 9.0 
Prunus serotina 13 13 9.0 
11489 100.00 


Light intensity data are shown in Table V as the percentage of full 
light at the time of the readings. Each value shown is a compilation of 
all the readings made at each particular plot. These data are presented 
to show something of the range of light intensities under which two 
species may be found. While inspection of the means indicates there 
to be no significant difference in the light conditions under which the two 
species are found, the extremes found in the individual plots indicate there 
to be a much greater variation in light intensity among the C. acaule 
plots than among the C. pubescens plots. The series of light readings 
which were made at various times during the day are not yet complete 
enough to be meaningful, hence these individual values are not presented. 
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Ficure 1.—Soil reaction in terms of pH for observational plots of 
C. acaule and C. pubescens. The number of plots at any particular pH 


is indicated by the height of the vertical bars; pH is indicated on the 
horizontal axis. 
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TaBLe V.—Average Percentage Light Intensity. 


C. pubescens C. acaule 
Av. percentage Av. percentage 
Plot no. full light Plot no. full light 

1 1.1 13 48 
2 5.1 14 2.6 
3 10.3 15 2.8 
4 5.1 16 10.4 
5 7.7 17 1.6 
6 10.4 18 1.3 
7 7.9 19 2.1 
8 3.9 20 5.9 
9 1.7 21 6.6 
10 8.3 22 15.2 
11 4.8 23 30.0 
12 4.3 24 50.0 
—_— 25 4.9 
mean 5.1 — 
mean 10.7 


Temperature readings made at the various plots of C. acaule averaged 
15.8°C. for the soil and 20°C. for the air. The C. pubescens plots averaged 
17°C. for the soil and 20°C. for the air. In general the temperature dif- 
ferences between the plots of the two species were small. It might be 
pointed out, however, that the extremes reached in C. acaule plots were 
again much greater than those in C. pubescens plots, perhaps a reflection 
of the greater variation in exposure of the communities of the former 
species. 


The soil types in which the two species of ladyslippers are found 
are completely different in appearance. In general, the soil in which 
C. pubescens grew contained a relatively thin organic layer (1-2 inches) 
with the lower stratum having a high content of clay. The soils in which 
C. acaule grew possessed a relatively thick layer of organic material (2- 
3 inches) with the underlying soil being quite sandy and porous. The 
results of moisture equivalent determinations of samples from representa- 
tive plots of the two species are presented in Table VI. Inspection of these 
data indicates there to be no obvious differences in either the mean values 
or the extremes of the moisture equivalents of the soils in which the two 
species were found. Capillary capacity was also determined for repre- 
sentative plots and likewise showed no obvious differences between the 
two species. For C. pubescens plots the capillary capacity averaged 42.3 


per cent of the net weight of the soil and for C. acaule the average was 
50 per cent. 
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TaBLeE VI.—Soil Moisture Equivalent. 


Plot Wet Dry Water Per cent 

Species no. Sample Weight Weight Loss Water Loss 
C. pubescens 4 a 18.65 15.89 2.76 17.4 
b 20.23 16.32 3.91 24.0 
7 a 19.27 14.72 4.55 31.0 
b 20.33 15.55 4.78 30.8 
8 a 18.27 13.58 4.69 34.6 
b 18.04 13.43 4.61 34.3 
9 a 25.82 20.55 5.27 25.6 
b 25.12 20.04 5.08 24.9 
10 a 23.26 19.55 3.71 19.0 
b 25.18 21.06 4.12 19.5 
12 a 25.16 18.68 6.48 34.6 
b 23.98 18.00 5.98 33.2 
C. acaule 14 a 23.20 19.30 3.90 20.2 
b 22.97 19.06 3.91 20.5 
18 a 24.83 21.38 3.45 16.2 
b 25.08 21.44 3.64 17.0 
19 a 25.24 18.66 6.58 35.4 
b 25.30 19.16 6.14 32.0 
22 a 24.85 21.05 3.80 18.0 
b 23.87 20.57 3.30 16.3 
24 a 23.94 17.74 6.20 35.0 
b 23.39 17.34 6.05 34.8 


means 


C. pubescens 27.3 
C. acaule 24.5 


DISCUSSION 


In attempting to evaluate the C. acaule and C. pubescens communities 
in terms of associated plants, one is confronted with the problem of de- 
ciding which plants are characteristic of the communities and which are 
merely incidental to it. In general, it may be assumed that the associated 
trees and shrubs are more likely to exert a controlling influence over the 
ga environmental conditions than are the herbaceous forms. A 

igh frequency for particular herbs associated with one or the other 
type of community may simply indicate that those conditions which are 
favorable for the particular species of Cypripedium are also favorable for 
the associated herbs. Thus, such plants as Galax and Gaultheria are 
usually associated with the pine, Kalmia stands, and acid, sandy soil such 
as that in which C. acaule occurs. Similarly, Dioscorea, Aralia, Lysima- 
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chia,, Smilacina, and Aster are usually occupants of the rich, mesophytic 
woodlands in which C. pubescens occurs. 


In contrast, the associated trees, and to a lesser extent shrubs 
probably exert a considerable influence on environmental conditions in 
terms of light, soil reaction, available moisture, etc., and may consequently 
have a direct influence upon the distribution of any subordinate species 
which have a narrow range of tolerance for one or more environmental 
factors. Thus, the pines and other conifers are known as acid soil pro- 
ducing plants since, as their needles die and decay they almost invariably 
produce an acid reaction in at least the top few inches of the soil. More- 
over, a pine overgrowth has considerable influence on the organic con- 
tent of the soil, the needles decaying slowly and consequently accumu- 
lating to considerable depths before decomposing completely. In view of 
the usual sandy nature of the soil and the porositv of the compost layer, 
pine soils are usually well drained and well aereated. The leaves of oaks, 
maples and other deciduous forms, however, decay relatively rapidly and 
do not produce a reaction as acid as that formed under pines. The soil, 
moreover, usually has a high percentage of clay with a consequent higher 
water holding capacity. 


Just how these and other factors are related to the distribution of 
the ladyslippers is the question in hand. Wherry (1933) states that 
“water is certainly of no significance to this plant (C. acaule), for it 
thrives alike in deep, wet sphagnum bogs and in dry pine needles on the 
summits of sand hills. Temperature is likewise unimportant, for it ranges 
from North Carolnia to northwestern Canada. It normally grows in 
places where the soil is well provided with humus, highly sterile, strongly 
acid and thoroughly aerated.” Concerning C. pubescens he states that 
“as this ladyslipper ranges from Mississippi and Alabama on the Gulf 
coast north to the lower borders of Canada, temperature is evidently of 


no importance to it. Its soils are often rich in plant foods (sic) and 
vary considerably in reaction . . .” 


As previously indicated, the C. acaule plots considered in the present 
study were usually dominated by pines with Kalmia as the understory. 
This is by no means without exception, for certain of the observational 
plots were dominated by other conifers and in three of them by oak. 
There is the possibility that these latter three plots are relic stands. This 
idea is supported by the fact that the trees in these plots were small and 
probably not more than 25 years old. Furthermore, much of the property 
on which these plots were located has been lumbered during the last 25 
years’. Hence, it may well be that these C. acaule plots were formerly in 
pine stands and that the original conditions which were favorable to the 
species (most likely edaphic) have not yet been altered sufficiently to pre- 


* By personal communication from Dr. B. D. Reynolds, Director of the Mountain Lake 
Riclogical Station. 
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vent the growth of the ladyslippers. 


Of the several factors considered in this study, that of soil reaction 
appears to have the closest and most constant correlation to the distribu- 
tion of the two species of ladyslippers. A glance at figure 1 is sufficient 
to show the marked differences in the pH of the soils in which the two 
species were found, there being almost no overlapping of the ranges. 
Further significance is given to this point when one considers that the pH 
ranges in which the two species are found is rather markedly constant, re- 
gardless of how much other conditions vary. As Wilde (1954) has pointed 
out, we cannot with certainty attribute any direct influence of pH, per se, 
on the growth of the plants. Nonetheless, the soil reaction may have an 
indirect effect upon the available nutrients, the growth of mycorrhizae 
or other microorganisms associated with the orchids or it may be correlated 
with the physical properties of the soil. Whatever the explanation, these 
findings suggest that the factors limiting the distribution of C. acaule and 
C. pubescens reside in the soil. Therefore it is proposed in later studies 
to investigate, in greater detail, the edaphic factors influencing the two 
species. Our observations on the capillary capacity and moisture equi- 
valent of the soil are not helpful on this point. 


It is both difficult and dangerous to evaluate, with our limited data, 
the influence of light intensity on the distribution of the two species. 
Nonetheless, the wide range of light intensities in which C. acaule was 
found in apparently undisturbed situations indicates that within reason- 
able limits this factor is not limiting to this species. C. pubescens, on the 
other hand, was seldom found in more than 10 per cent of full light and 
hence may be a true sciophyte, carrying on photosynthesis most efficiently 
in low light intensities. If this were to be true then light intensity might 
exert a strong influence upon the distribution of the species. 


SUMMARY 


The habitats of two species of Cypripedum, C. acaule and C. calceolus 
var. pubescens have been investigated with particular emphasis on the 
associated flora and the soil reaction in terms of pH. Other factors con- 
sidered to a lesser extent were light, temperature, and soil water. 


C. acaule is most constantly associated with pine stands with an 
understory of Kalmia latifolia and other ericaceous forms, whereas, C. pu- 
bescens is found in association with oaks and a variety of deciduous shrubs, 
particularly Rhododendron calendulaceum. It is suggested that soil re- 
action, or other factors closely correlated with the pH, is an important 
limiting factor in the distribution of the two species since they are rather 
markedly limited as to pH range, even though other environmental con- 
ditions may vary considerably. 


Although C. 


acaule was found in a fairly wide range of light in- 
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tensities, C. pubescens was seldom found in intensities greater than 10 per 
cent. This suggests that the latter species may be a true sciophyte and 
that light intensity is an important limiting factor in its distribution. 


Our observations on temperature and soil water permit no definite 
conclusions to be drawn with respect to these factors. 
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News and Notes 


(EDITOR'S NOTE: News contributions should be sent to the per- 
son whose name appears at the end of the appropriate sections.) 


ARTHUR BALLARD MASSEY HONORED 


On June 4, 1956, Lynchburg College awarded the degree of Doctor 
of Science to Arthur B. Massey. The following is extracted from the ci- 
tation read on that occasion. 


Arthur Ballard Massey was born at Miller School in Albemarle 
County, Virginia, in 1889. He received the B. S. degree from North Caro- 
lina State College in 1909. Subsequently he studied at the University of 
Florida, the University of Chicago, and Virginia Polytechnic Institute 
where he was awarded the M.S. degree in 1928. 


Mr. Massey’s early teaching experience was at Clemson College in 
South Carolina and the Alabama Polytechnic Experiment Station. Since 
1918 he has been associated with Virginia Polytechnic Institute at Blacks- 
burg as a teacher and research worker. Until 1935 he was associate pro- 
fessor at the Virginia Polytechnic Institute and since that time has served 
as botanist for the Wildlife Unit. 


Mr. Massey is a member of the Botanical Society of America, the 
Societv of Plant Taxonomists, the Ecological Society of America, the 
Torrey Botanical Club, the Southern Appalachian Botanical Club, and the 
Virginia Academy of Science. He has been vice-president of the Southern 
Appalachian Botanical Club and served as the associate editor of its pub- 
lication Castanea. As a member of the Virginia Academy of Science, he 
has presented papers on taxonomy, plant pathology, ecology, and bac- 
teriology at the annual meetings of that organization. 


For a period of 21 years Mr. Massey has served as chairman of the Vir- 
ginia Academy’s Committee on State Flora. He is maintaining a card in- 
dex of Virginia’s plants, looking toward the publication of a complete 
catalogue of the plants of Virginia. His own publications include The 
Willows of Virginia, Virginia Ferns and Fern Allies, Poisonous Plants, 
Medicinal Plants, Farm Weeds: Their Importance and Control, and A 
Catalogue of Virginia Grasses. 


Mr. Massey is a teacher who has the genuine respect and admiration 
of all his students. His professional associates have high regard for him 
as a person. Because of his superior knowledge of the flora of Virginia 
his counsel and advice are constantly sought by botanical specialists both 
in and outside Virginia. 
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Minutes Or THe Counci. MEETING, OcToBerR 30, 1955 


The meeting of the Council of the Virginia Academy of Science was 
held in the Library of The Blandy Experimental Farm, University of Vir- 
ginia, Boyce, at 2:30 P.M. 


Present were: Lynn B. Abbott, Jr., Lloyd C. Bird, James W. Cole, 
Irving G. Foster, Edward S. Harlow, Thelma C. Heatwole, William N. 
Hinton, Horton H. Hobbs, Jr., Sidney S. Negus, B. F. D. Runk, Foley F. 
Smith, and William B. Wartman, Jr. President Walter S. Flory, Jr., pre- 
sided. 


Minutes of the last meeting were read, corrected, and approved. 


There was no report from the Long Range Planning Committee, since 
this committee had not held a meeting at this time. 


Lloyd C. Bird, reporting for the Finance Comittee, stated that this 
committee was making a special effort to increase the number of Business 
memberships in the Academy. 


Mrs. Thelma C. Heatwole reported for the Junior Academy of Science 
Committee. She stated that the annual grant of $750.00 made by the 
Philip Morris and Company Ltd.. Inc, would be used to establish the 
“Philip Morris Achievement Awards”, if the Council approved. This 
was unanimously approved by the Council, and it was stated that this 
money would not be substituted for any funds now available for the 
Junior Academy activities. These awards would be made in the fields 
of Chemistry, Physics, the Biological Sciences and other sciences. 


Sidney S. Negus reported on the 1956 meeting in Richmond Hotel 
an outline of the plans on this meeting to be held at the Jefferson Hotel 
with the Richmond Area University Center acting as host. 


Mr. Harlow reported on the 1957 meeting of the Academy, to be 
held at the Chamberlin Hotel, Old Point Comfort. 


Horton H. Hobbs, Jr., Editor of the Virginia Journal of Science, re- 
ported on the forthcoming lead articles for the Journal, and stated that 
the J. Shelton Horsley Award paper of Dr. Albert W. Lutz would be pub- 
lished in the January 1956 issue, and that a paper by Allen Gwathmey 
on “Single Crystals” would appear in the April issue; and that an 
article on “Supersonics” by Dudley Thompson would be the lead article in 
the July issue. He stated that the Journal plans to have a special anni- 
versary issue of the Journal for the Jamestown Anniversary Celebration 
and that they plan to print 5,000 copies for this issue. He stated that 
the Alderman Library had given space for the operation of the Editorial 
Offices of the Journal. 


It was moved, seconded, and passed, that Robert Carroll, Editor of 
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the Journal, (Old Series), send all available copies of this Series to Manag- 
ing Editor B. F. D. Runk. It was suggested that the funds of the Journal 
be moved from Blacksburg to Charlottesville, and it was decided that 
this would be left in the hands of the Managing Editor of the Journal. 


Irving G. Foster was asked by President Flory to serve as Chairman 
of a special committee to study ways and means of securing additional 
revenue for the Academy. 


Boyd Harshbarger, Chairman; Sidney S. Negus and George Jeffers, 
were appointed to serve as an Awards Committee. Dr. Negus discussed 
considering a Distinguished Service Award to be given at suitable times. 


James W. Cole, Chairman of the Advisory Council on Science Educa- 
tion, reported that plans were being considered for a symposium on 
Science and Education for Saturday morning at the May meetings. Ad- 
ditional names were also suggested for the committee and for the panel 
discussion, should such a symposium develop. Among the names sug- 
gested were Marcellus Stow, Washington and Lee University; Jack Boger, 
Richmond; William L. Duren, Jr., Robert DuPuis, Research Laboratory, 
Philip Morris and Company, Ltd., Inc.; Mr. Milhiser, DuPont Com- 
pany, Waynesboro; S. G. Stewart, Staunton, and Dr. F. G. Langford, 
President of Longwood College. 


Mr. Harlow reported that he planned to attend the White House 
Conference on Science Education in December and that approximately 25 
people from Virginia had been invited. 


It was noted that Dr. Albert W. Lutz, winner of the J. Shelton 
Horsley Award for 1955, had received formal recognition from the Board 
of Visitors of William and Mary College, for his interest and achievements 
in science. 


It was suggested that President Flory write the Chairman of the 
Science Departments in the colleges and universities throughout the 
state suggesting that they recommend papers for the programs of the vari- 
ous sections of the Academy, from oth a a of their staff. Various sug- 
gestions were made towards improving and increasing interest in the 
Academy Conference meeting on Thursday night. 


President Flory stated that Dr. Edgar Anderson, of the Missouri Bo- 
tanical Gardens would be the guest speaker at the Friday night meeting 
of the Academy. 


It was suggested that the Constitution and By-Laws be revised, and 
that all corrections and changes therein to date be incorporated, and that 
copies be mimeographed for distribution to all Academy officers, and Sec- 
tion officers. 


It was moved, seconded, and passed that the President appoint a 
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committee to investigate scholarships offered in the Science Talent Search 
in regard to their actual availability. 


The official thanks and appreciation were expressed by the Council 
to Dr. and Mrs. Walter S. Flory, Jr., for their gracious hospitality extended 
to the Council members and their wives and guests at the very delightful 
buffet luncheon served at their home before the meeting. 


There being no further business the meeting adjourned at 4:30 P.M. 


Fo.ey F. Smitru, Secretary. 


Minutes Or Tue Councm, MEETING, January 14, 1956 


President Flory called the meeting at 3:05 P.M. on January 14 in 
Richmond. The following members were present: Lynn D. Abbott, 
Jr, Lloyd C. Bird, Irving G. Foster, Edward S. Harlow, Mrs. B. G. 
Heatwole, William M. Hinton, Horton H. Hobbs, Jr., Sidney S. Negus, 
B. F. D. Runk, Stanley B. Williams, William B. Wartman, Jr., Assistant 
Secretary. 


Dr. Foster gave a report of the Committee studying the possible need 
and means of procuring additional funds for the Academy. He reported 
that the operating expenses of the Academy is approximately $5,000.00 
ed annum, $2,000.00 of which goes to the Journal, and that the present 

alance in the treasury is approximately $5,300.00. Among the possible 
means of securing additional funds, it was felt that there were many con- 
panies or corporations in the State which would be receptive to joining 
the Academy as business members. 


Dr. Flory read a letter from Dr. Raymond T. Seegar, Chairman of 
the Joint Education Board of the Washington Academy of Science. Dr. 
Seegar described the activities of his group in Washington and surround- 
ing area which will include a science fair in Arlington County this year. 
He expressed a desire that the Virginia Academy cooperate with his group. 
Dr. Flory reported that this tied in closely with Dr. Cole’s committee and 
he would, with the approval of the Council, request Dr. Cole to act on 
behalf of the Academy in cooperation with Dr. Seegar’s group. It was 
moved, seconded, and carried that Dr. Cole be requested to work with 
Dr. Seegar’s group. 


Dr. Flory reported that some members had proposed that the Acad- 
emy sponsor a Symposium on Science Education as part of the Saturday 
morning program at the Richmond meeting. The feeling of the Council 
was that it would not be wise for such a symposium to be sponsored 
by the Academy as a separate part of the program as it would compete 
with the Section programs. It was felt that such a symposium would 
be desirable, provided it were sponsored by the Science Teachers Section 
as a part of the program. 
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The president read a letter from Dr. Wilson in which he asked if 
the Academy would msor a $100.00 scholarship at the workshop on 
conservation being held this year. Council decided that it would be 
unwise to sponsor this scholarship since it would probably lead to numer- 
ous similar requests and the revenue for such was not available. 


Mrs. Heatwole suggested that as an inducement to increase attendance 
at the Thursday night Junior activities and the Academy Conference, a 
guest speaker be placed on the program. After some discussion, it was 
agreed that Mrs. Heatwole would arrange for a guest speaker who would 
appear on the program between the Junior activities and the Academy 
Conference. It was decided that Thursday night a general meeting would 
be arranged for all Junior and Senior members. All members are urged 
to attend the complete meeting. The program is as follows: 


7:30 p.m. Business Meeting, Junior Academy. 
8:00 p.m. Address. 


8:45 p.m. Senior Academy Conference and General Meeting. 
9:45 p.m. Adjournment. 


The question of raising the fee for commercial exhibits at the annual 
meeting was brought up for discussion. It was decided that the local 
arrangements committee should decide whether or not the fee should 
be raised. It was felt that $40.00 or $50.00 would be a reasonable sum. 


The Psychology Section of the Virginia Academy of Science is con- 
sidering the possibility of affiliation with the Academy as a separate, organ- 
ization, with the proposed name “The Virginia Psychological Assocation.” 
Dr. Stanley Williams reported that several years ago a draft of a constitu- 
tion of the Psychology Section was submitted to the Council for ap- 
proval. No formal action was taken on this Section’s constitution by 
the Council. Furthermore, a portion or portions of this proposed con- 
stitution of the Psychology Section are invalidated by the Constitution 
and By-Laws of the Virginia Academy of Science. 


At the Council Meeting Dr. Williams introduced a “Draft Constitu- 
tion of the Virginia Psychological Association, a Section of the Virginia 
Academy of Science.” It is further described as Draft No. 2, dated De- 
cember 9, 1956, a copy of which is attached to the minutes of this 
meeting. 


After some discussion, it was moved and passed that Dr. Flory 
appoint a committee to consult with the draftees of this Constitution 
and report to the Council at a later meeting. Dr. Flory appointed Dr. 
Sidney Negus as a committee of one to act accordingly. 


The meeting was adjourned at 5:25 p.m.—Wiiu1aM B. Wartay, JR. 
Assistant Secretary. 
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NEws AND NOTES 


SECTION NEWS 
AGRICULTURAL SECTION 


Jim W. Gains was employed as a replacement for Dr. C. M. Kincaid 
at the rank of Assistant Animal Husbandman, beginning July 1. He will 
receive his Ph.D. degree from Iowa State University at that time or prior 
thereto. 


Dr. R. F. Kelly, Associate Animal Husbandman, is a member of 
the Lamb and Veal Carcass Evaluation Committee of the Reciprocal 
Meat Conference. The conference met in Chicago this year June 18-21. 


R. C. Carter of the Animal Husbandry Department, Virginia Poly- 
technic Institute, was an invited participant at the Pasture Research Con- 
ference held at Griffin, Georgia, in May. 


Drs. G. C. Graf and W. A. Hardison of the Dairy Science Depart- 
ment, Virginia Polytechnic Institute, attended the Southern Regional Pas- 
ture and Crop Improvement Conference in Atlanta, Georgia, on May 
15, 16, and 17. 


Nine staff members of the Department of Dairy Science, Virginia 
Polytechnic Institute, attended the annual meeting of the American 
Dairy Science Association in Storrs, Connecticut, on June 19, 20 and 21. 


G. A. Miller received his Master of Science degree in Dairy Science 
at Virginia Polytechnic Institute in June. His thesis study was on “The 
Value of Limited Grain-High Roughage Rations and Cud Inoculations for 
Raising Dairy Calves.” 


Dr. G. C. Graf was elected Vice-Chairman, for the academic year 
1956-57, of the Agricultural Faculty and Professor P. M. Reaves a mem- 
ber of the program committee at its May meeting. Professor Reaves was 
last year’s chairman. 


Professor A. H. Teske retired as of April 30, 1956, after serving for 
28 years as Extension Fruit Specialist at Virginia Polytechnic Institute. 


Dred R. Dreiling, Extension Fruit Specialist, Department of Horti- 
culture, Virginia Polytechnic Institute., received the M. S. degree in 
Horticulture in June. 


The Department of Biochemistry and Nutrition has received a grant- 
in-aid of $4,000 annually for 3 years beginning July 1, 1956, to assist in 
micronutrient imbalance studies in animals. The grant was made by 
The Nutrition Foundation, Inc., New York City. The studies will include 
the mechanisms involved in the alleviation of molybdenum toxicity with 
dietary inorganic sulphate. 


Completion of a research barn for biochemical, physiological, micro- 
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biological, and nutritional research studies is near. This research facili 


was made possible through a grant of $40,000 from the Old Dominion 
Foundation. 


Dr. T. B. Davich, associate entomologist with the Tidewater Field 
Station of the Virginia Agricultural Experiment Station, resigned on 
April 1 to accept a position with the Entomology Research Branch, 
Agricultural Research Administration, U.S.D.A. In his new position he 
will be in charge of a U.S.D.A. research laboratory at College Station, 
Texas. This laboratory will be primarily concerned with a study of 
insects that are injurious to cotton. 


Dr. J. M. Grayson and Dr. A. A. Muka attended a conference on 
forage crop insects at Shreveport, Louisiana, on April 5 and 6. 


Dr. A. A. Muka, associate entomologist at Virginia Polytechnic In- 
stitute, resigned on June 1 to accept a position in entomology at Cornell 
University. Dr. Muka will be succeeded by Dr. William George Evans 
who obtained the Ph.D. degree from Cornell University in June. Dr. 
Evans began his employment with the Virginia Agricultural Experiment 
Station early in June. 


Three graduate students received the M. S. degree from Virginia 
Polytechnic Institute with a major in Entomology in June. Degrees were 
awarded in absentia to Mr. A. S. Tombs and Mr. P. K. Herein as 
the former is now in the Armed Forces and the latter working for an 
industrial firm in Minnesota. Mr. W. T. Keeton plans to continue grad- 
uate studies at Cornell where he has been awarded a fellowship for next 
year. 


Mr. Easley S. Smith was appointed Assistant Extension Agricultural 
Engineer, Virginia Polytechnic Institute, effective April 1, 1956. Mr. 
Smith received the B.S. degree in Agricultural Engineering at Virginia 
Polytechnic Institute in 1948. His industrial experience was as a terri- 
tory manager with a farm machinery company elon joining the Agri- 
cultural Engineering Department staff. He will work with the power 
and machinery phase of the Extension program in that Department. 


A new research project dealing with plastic greenhouses is being 
initiated by the Horticulture and Agricultural Engineering Departments 
in the Virginia Agricultural Experiment Station. The project title is 
“Design Improvement and Evaluation of Plastic Greenhouses as Plant 
Growing Structures.” The work will be conducted by Dr. P. H. Massey, Jr. 


and J. D. Ashley in Horticulture, and McNeil Marshall in Agricultural 
Engineering. 


Attending the Southern Pasture and Forage Improvement Conference, 
which was held at Experiment, Georgia, from the Agronomy Department 
of Virginia Polytechnic Institute were R. E. Blaser, L. H. Taylor, and 
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J. F. Shoulders. Dr. R. E. Blaser was chairman of the conference for 
this meeting. The purpose of this conference was to discuss and plan 
the research program of the Southern Region for pasture and forage 
crops. 


Dr. Nathan H. Peck reported to the Agricultural Experiment Station 
as soil physicist on April 1. He is assigned by the Agricultural Research 
Service to work with soil physics problems in both the Agronomy and 
Agricultural Engineering Departments. He received his B.S., M.S., and 
Ph.D. from Cornell University and is a native of New York. 


Dr. Wybe Kroontje is a new addition to the Agronomy Department 
in the soil fertility section. He has a very interesting background, having 
been born in Holland, spending the early war years there, and later be- 
coming a prisoner in Germany. His elementary education and part of 
his college training was received in Holland. The remainder of his under- 
graduate work was taken at Cornell University, and he received his 
M.S. and Ph.D. degrees from the University of Nebraska. 


Drs. T. M. Starling, L. M. Taylor and T. J. Smith of the Department 
of Agronomy, Virginia Polytechnic Institute, attended the Symposium 
on Genetics in Plant Breeding, May 21-24, at the Brookhaven National 
Laboratory, Upton, New York. This is one of the annual symposia that 
the Laboratory has sponsored for the past several years on some phase 
of biology. Many outstanding geneticists from both the United States 
and abroad gave papers at the meetings. A tour of the laboratory fa- 
cilities including the cosmotron, “hot” laboratory, reactor, and gamma 
field was also included. A work conference followed the Symposium 
for collaborators who are using radiation in their plant breeding work. 


The Agricultural Extension Service, Virginia Polytechnic Institute, 
has been making good progress on program development in the various 
counties of the State. This newer approach is emphasizing county leader- 
ship in determining the problems of the county, goals and objectives 
which should be reached, and methods of reaching these objectives. 
Response of the entire staff and of lay people to a more adequate pro- 
gram development has been gratifying. 


Dr. J. L. Maxton, agricultural attache in South Rhodesia, died May 
17, 1956, from injuries suffered in an automobile accident. Dr. Maxton 
was on leave from his post as agricultural economist of the Virginia Agri- 
cultural Extension Service. He began his State Department duties in 
January 1956. He was graduated from Virginia Polytechnic Institute in 
1925, and obtained the M.S. degree from that institution in 1926. His 
Ph.D. degree was obtained from Cornell in 1935. 


Mr. W. N. Linkous, instructor in Biochemistry at Virginia Polytech- 
nic Institute, died April 17, 1956. He received his B.S. degree from 
Virginia Polytechnic Institute in 1938. He had been on the staff of the 
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Virginia Agricultural Experiment Station since 1943.—Cann W. ALLEN, 
Virginia Polytechnic Institute. 


ENGINEERING SECTION 


Dr. John Whittemore, Dean of Engineering and Architecture at Vir- 
ginia Polytechnic Institute, and Dean Lawrence R. Quarles, at the School 
of Engineering, University of Virginia, attended the Southeastern regional 
meeting of the American Society for Engineering Education held in New 
Orleans on April 5 and 6. Dean Whittemore also attended the 58th 
annual meeting of the American Ceramic Society held in April in New 
York. Dean Quarles attended the annual meeting of the Institute of 
Radio Engineers in New York March 19 to 22. He is now serving on 
the Advisory Panel on University Research Reactors for the National 
Science Foundation and attended a meeting of this panel in February. 
On April 17 and 18, Dr. Quarles went to the conference on Atomic En- 
ergy in the South held in Atlanta. In April he spoke to the Science 
Teachers’ Conference held in Charlottesville, and in May to the Richmond 
Public Relations Association on the subject “Nuclear Energy in Virginia.” 


Mr. Tilton E. Shelburne, Director of the Virginia Council of Highway 
Investigation and Research, attended a meeting of the Highway Research 
Board staff and department chairmen in Washington on May 29. 


Professors Orville R. Harris and Otis L. Updike, Jr., of the School 
of Engineering, University of Virginia, attended the annual meeting of 
the Institute of Radio Engineers in New York in March. Dr. Updike at- 
tended two meetings of the Eastern Simulation Council in New York in 
March and in Washington in May. Dr. Harris has been appointed to 


the Educational Committee of the Southeastern region of the Institute of 
Radio Engineers. 


Dr. Dudley Thompson, past chairman of the Engineering Section, 
who has recently moved to the Missouri School of Mines and Metallurgy, 
spoke to the research and development division of the American Oil Com- 
pany in Texas City, Texas on the subject of ultrasonics on March 16. In 
April he presented a paper to the regional meeting of the American Society 
tor Engineering Education describing opportunities for graduate students 
in chemical engineering at the Missouri School of Mines.—Rosert M. 
Husparp, University of Virginia. 


GroLocy SECTION 


Ralph L. Miller spoke on “Structural Problems of the Appalachians 
in Southwest Virginia” at the geology symposium of the Holden Society 
held in connection with the annual Engineering Emphasis Program, Vir- 
ginia Polytechnic Institute, April 26-28. Of particular interest was his 


advocating the drilling of core holes at strategic points in order to obtain 
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academic geologic information bearing on subsurface structure and stra- 
tigraphy. His extremely interesting talk prompted much discussion. 
Guests included Marcellus H. Stow; John T. Hack and Robert A. Laurence, 
both of the U.S. G.S.; and C. I. Rich, R. D. Krebs, and S. S. Obenshain, 
agronomists, Virginia Polytechnic Institute. 


Wilbur T. Harnsberger will begin his duties as assistant professor of 
geology in the Division of Natural Sciences, Madison College, Harrison- 
burg, Virginia, in September. This summer he will continue working for 
the Virginia Division of Geology and will be mapping the geology of the 
Broadway quadrangle north of Harrisonburg. Joseph G. Patterson of the 
University of Virginia will be his field assistant. Robert S. Young is con- 
tinuing his work on sulfide ore and Edwin O. Gooch, his work on vermicu- 
lite in the Piedmont for the Virginia Division of Geology. 


Troy J. Laswell will be working for Humble Oil and Refining Co. in 
Houston, Texas, during the summer. 


Henry R. Hopkins of the University of Virginia will be making a 
magnetometer survey of part of the Piedmont between Lynchburg and 
Scottsville for the Virginia Division of Geology this summer. Lawrence 
C. Rowan of the University of Virginia will make a geological and struct- 
ural map of the Purgatory Mountain area in Botetourt County, near Buch- 
anan, where iron ore deposits were worked many years ago. Richard G. 
Roane and John J. Ryan, both of the University of Virginia, have been 
employed by the Strategic Minerals Engineering Corporation for work in 
the Coastal Plain of Virginia during the summer months. 


Mark Fara is this year’s recipient of the Holden Prize, a Brunton 
compass, awarded annually to the Virginia Polytechnic Institute graduating 
senior in geology who has the highest scholastic standing. Donald Downs 
is recipient of the Sophomore Achievement Award, which is an Estwing 
geologic pick given each year by the staff of the Virginia Polytechnic In- 
stitute, Department of Geological Sciences, to the sophomore who from 
all standpoints, shows the most promise of contributing to his profession. 


Bruce W. Nelson will begin a study of sedimentation in the Chesa- 
peake Bay area this summer. Problems of clay mineral sedimentation and 
diagenesis and sedimentary geochemistry will be the main objectives. The 
work is being supported by the Chesapeake Corporation of Virginia. 
Wayne E. Moore will be working during the summer for The California 
Company in the Gulf Coastal Plain. W. D. Lowry will spend the summer 
doing work for the Oregon Department of Geology and Mineral Indus- 
tries in connection with compilation of a geologic map of the State.— 
W. D. Lowry, Virginia Polytechnic Institute. 
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PsycHoLocy SECTION 


The Virginia Examining Board for Clinical Psychologists, at its 
meeting on May 26, certified the following psychologists: Dr. Arthur 
J. Bachrach of the University of Virginia Medical School, Mrs. Virginia 
Tingley of the Medical College of Virginia, and Dr. Thomas C. Camp of 
of St. Albans Sanitarium at Radford. 


Virginia psychologists were quite active on the program of the Second 
Annual Meeting of the Southeastern Psychological Association, held in At- 
Janta April 29—May 1. Papers were read at the sessions on Clinical 
Psychology by Omer Lucier, V. J. Bieliauskas, and Dell Lebo, all of the 
Richmond Professional Institute; also by B. J. Fitzgerald of the Roanoke 
Veterans Administration Hospital, and A. D. Calvin of Hollins College. 
E. G. Pattishall of the University of Virginia, and A. D. Calvin of Hollins 
read papers at sessions on Educational Psychology. F. J. McGuigan of Hol- 
lins presented a paper at one of the Learning sessions, which was chair- 
ed by Stanley B. Williams of the College of William and Mary. Arthur 
J. Bachrach of the University of Virginia Medical School spoke on a sym- 
posium, Unsolved Problems in Clinical Psychology, and Richard H. Hen- 
neman spoke on Human Engineering at a symposium, Research in Progress. 
Wlliam M. Hinton was a group leader at a symposium involving small 
group discussions of Certification and Licensing in the Southeast. 


At the meetings of the Southern Society for Philosophy and Psychol- 
ogy, Richard H. Henneman was chairman of a symposium on Recent 
Advances and Experimental Findings in Military Laboratories. 


Dr. Frank A. Geldard of the University of Virginia, is currently on 
leave for a period of fourteen months and is serving as Scientific Liaison 
Officer of Naval Research, London Branch. The London office is attached 
to the American Embassy. Dr. Geldard expects to visit a number of 
psychological and physiological laboratories in Western Europe during 
the year. 


Following the annual meeting of the Psychology Section at the 
Richmond Meetings in May, some 30 to 40 members of the Section who 
are also members of the A.P.A., organized the Virginia Psychological 
Association. The requirements for membership in the new V.P.A. are 
approximately the same as those for the A.P.A. Because of the overlap- 
ping interests of psychologists in the V.P.A. and in the Psychology Sec- 
tion of the V.A.S., it is expected that close relationship will be maintained 
between the two organizations and that their annual meetings will be 
held at the same time and place. The following were elected officers 
of the newly organized V.P.A.: President, Dr. William M. Hinton of 
Washington and Lee; President-elect, Dr. William J. Morgan of Ap- 
titude Associates; Secretary, Mrs. Cora Lynn Goldsborough; and Treasurer, 
Dr. Jack Silverberg. 
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Dr. Jack Silverberg, McGuire Hospital, was elected president for 
the coming year of the Richmond Psychological Association. Other new 
officers are Dr. John Williams, University of Richmond, vice-president, 
and Miss Ola Hill, Medical College of Virginia, treasurer. 


Dr. Robert J. Filer and Dr. Merton E. Carver have announced the 
formation of a partnership to provide psychological consulting to in- 
dustry and business. 


The Psychology Department of the University of Richmond will 
move into new quarters during the summer. They will be located in 
Ryland Hall, the former library. The new quarters will provide expanded 
laboratory and clinic facilities. 


Dr. Henry Winthrop has joined the Department of Psychology at 
Hollins College —Ricuarp H. HENNEMAN, University of Virginia. 


Statistics SECTION 


Professor M. C. K. Tweedie of the Virginia Polytechnic Institute 
received the J. Shelton Horsley Research Award at the annual 1956 
meeting of the Virginia Academy of Science for his paper, “Statistical 
Properties of Inverse Gaussian Distributions.” 


Dr. John E. Freund and Irwin Miller of the Virginia Polytechnic 
Institute had their paper, “Some Statistical Aspects of a Problem in 
Scientific Philosophy,” published in the April, 1956, issue of The American 
Statistician. Dr. Freund was elected vice-chairman of the Maryland, D. C., 
and Virginia section of The Mathematical Association of America. 


Dr. Ralph A. Bradley of the Virginia Polytechnic Institute attended 
the E-11 Committee meeting in Quality Control and Materials of the 
American Society for Testing Materials in Philadelphia. 


Dr. R. J. Freund is on leave of absence from the Virginia Polytechnic 
Institute to teach in the summer session at North Carolina State College 
in Research Training in Quantitative Research Methods in Agricultural 
Economics. 


Dr. Boyd Harshbarger and Professor Paul Minton attended a meet- 
ing in Natick, Massachusetts, to discuss the contract work that is being 
carried on by the Virginia Agricultural Experiment Station at the Virginia 
Polytechnic Institute for the Quartermaster Corps. 


Norbert Lloyd Enrick, head of the Statistics Department, Institute 
of Textile Technology, presented a paper on “Conventional and Newer 
Methods of Loom-Stop Testing” before the Southern Textile Methods and 
Standards Association, at Clemson, S. C., on March 23, which is to be 
printed in the Association’s Proceedings. His paper “Survey of Control 
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Chart Applications in the Textile Industry” appeared in the May issue of 


“Textile Research Journal.” 


“Mill Test Procedures” is the title of a new series on quality control 
by N. L. Enrick, supplementing the prior series on “Quality Control 
through Statistical Methods” and “Modern Mill Controls”, appearing in 
“Modern Textiles Magazine” and recently re-printed in book form. 


The Second Training Conference on Statistical Quality Control was 
held at the Institute of Textile Technology, April 16 to 20, with repre- 
sentatives from Southern and New England textile mills attending. 


The proposed Method of Test for Unevenness of Textile Strands of 
the American Society for Testing Materials has been made final and ap- 
proved under the chairmanship of N. L. Enrick, for inclusion in the next 
ASTM Manual D-13. It includes analysis of variations within and between 
lengths of textile strands, using standard deviations, variation coefficients, 
and average ranges by means of electronic analog-type computers. 


A talk and special film on Statistical Quality Control were presented 
in Professor Maurice Davier’s class on Production, in the Graduate School 
of Business, University of Virginia. Presented by Simon Collier, Director 
of Quality Control of Johns-Manville Corporation, it evoked many ques- 
tions during the discussion period, as well as many favorable comments 
by the audience following presentation.—Paut N. SoMERVILLE, Washington, 
D. C. 











